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CHEMISTRY AND BIOLOGY 


Results of interesting and valuable research have been reported in 
1934 concerning the nature and amount of dispersed matter in sewage, 
particularly the extremely fine material and colloidal substances. Ex- 
periments conducted at the University College, London? indicate that 
such matter carries a small negative charge at pH 6.0 and a slightly posi- 
tive charge at pH 2.0. More recent studies* have shown that the 
quantity of dispersate that can be removed by centrifuging or by ultra- 
filtration is increased by passing gas bubbles (air, oxygen, hydrogen, 
nitrogen) through sewage. Even particles so small as to pass an ultra- 
filter can be coagulated or floceulated by the action of the bubbles of gas. 
Greater removal of organie carbon and total nitrogen resulted from the 
action of oxygen and air than from that of bubbles of hydrogen and 
nitrogen. It seems likely, therefore, that both physical and chemical 
changes occurred. With regard to the chemical composition of the dis- 
persed matter, the solids dehydrated by successive washings with alco- 
hol and ether were largely soluble in ammoniacal copper sulphate, indi- 
eating a large proportion of cellulose. 

The composition and characteristics of sewage solids have been fur- 
ther investigated by Knechtges, Peterson and Strong * who found, on 
fractionation of petroleum ether and chloroform extracts, that free fatty 
acids constituted the largest fraction, followed by soaps, hydrolyzable 
fat and unsaponifiable matter. 

Studies are reported from Rothamsted * on the biological oxidation 
of fats and soaps, important constituents of domestic sewage and of cer- 
tain industrial wastes. The proportions of these constituents in solution 
and as suspended solids are dependent not only on the quantities and 
composition of the fats and soaps discharged with the wastes, but also on 
other substances in solution. Three laboratory filters, made of glass 
vessels filled with small glass tubes as filter media, were used for test- 
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ing and the purification was measured by B.O.D. reduction. One filter 
received (a) 250 p.p.m. sodium stearate, 15 p.p.m. P.O, as potassium 
phosphate and 30 p.p.m. N as ammonium bicarbonate placed in distilled 
water; (b) 250 p.p.m. sodium stearate added to sewage previously treated 
to remove the Ca and Mg to avoid precipitation of the stearate; (c) 
sewage to which 15 p.p.m. P.O, as potassium phosphate had been added. 
The rate of application was 100 gallons per day per cubic yard of filter- 
ing medium. The filters were operated for six months. The purification 
effected by filter A, with stearate alone, fluctuated widely from day to 
day, varying from 18 to 97 per cent. Quantities of white solid matter 
were deposited in the upper section of the filter. The experiments indi- 
eated that soap in sewage in concentrations as high as 250 p.p.m could 
be readily oxidized by the filter, but that the process was not satisfactory 
for solutions of soap alone. The presence of seap in the sewage increased 
the tendency to clog. 

Hydrogen sulphide production in sewage is of importance because of 
odor production and sewer disintegration. It has been assumed that 
hydrogen sulphide production is affected not only by the organic matter 
of the sewage but also by the materials in solution. Baumgartner,’ ex 
perimenting with stale sewage solids, found that seeding with hydrogen 
sulphide-producing organisms and also higher temperatures, increased 
the production of the gas. Sodium bicarbonate and dextrose did not 
affect the rate of production. Ferrie chloride added in small quantities 
reduced H.S by precipitation of the volatile sulphides present in the 
sewage. 

Sludge Digestion—The number of papers dealing with sludge diges- 
tion appearing during recent vears has somewhat abated. Several papers 
nave been published by English investigators, of which those of Ed- 
mondson and Ardern and Lockett are outstanding. The extensive paper 
of Edmondson ° deals with digestion, vacuum filtration, filter pressing. 
centrifuging and flocculation, all in an effort to solve the secondary sludge 
problem at Halifax (Eng.) Edmondson studied the effect of tempera- 
ture and seeding to determine the minimum digestion capacity required. 
With mixed humus and activated sludge in proportions of 3 to 1 (dry 
solids), digestion effected a reduction of 28 per cent. With unheated 
tanks a digestion capacity equal to five months sludge production would 
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be required which, at 80° F. could be reduced to 32 days. The sludge 
treated did not produce sufficient gas to maintain the desired tempera- 
tures, probably on account of the industrial waste present. Ardern and 
Lockett * reported results on mesophilic and thermophilic digestion of 
activated sludge. They found that addition of fresh solids up to 15 per 
cent aided the digestion of activated sludge. This effect was most marked 


with mesophilic digestion. With thermophilic digestion the reduction 
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in volume was about the same as with mesophilic, with a detention period 
about 35 per cent less. A thinner sludge resulted. 

The time and rate of sludge digestion and their variations with tem- 
perature have been studied by Fair and Moore * in an attempt to con- 
vert data published by various authors to a comparable basis. With re- 
eard to the effect of temperature on batch digestion, three or four dis- 
tinet zones of activities seem to be indicated, namely (1) thermophilic 
(above 42° C.), (2) intermediate (28°-42° C.), (3) temperate (10°- 
98°C.), (4) eryophilic (below 10° C.). The conelusion is reached that 
zones 1 and 3 and possibly 4 follow ordinary chemical laws, the time 
decreasing and the rate of digestion increasing according to the law of 
Arrhenius. The intermediate zone apparently does not follow the law, 
possibly due to the unfavorable temperature on the bacteria. A more 
logical conelusion would be that in this zone there is overlapping of 
different groups of bacteria. The optimum temperature for mesophilic 
digestion is set at 33° C., in agreement with Heukelekian. 

The difficulty of obtaining proper balances between losses of organic 
matter during digestion and material in the gases formed is well reeog- 
nized by those who have attempted evaluations. Larson, Boruff and 
Buswell® state that they obtained a satisfactory carbon balance with 
one of the two laboratory experiments performed. They stressed the 
accuraey of the results obtained. Each gram of volatile matter digested 
produced 1.33 erams of gas, increasing to 1.44 grams if the data are 
correeted for the CO, held in solution by the liquors, and to 1.55 grams 
if the solids are corrected for the probable loss of ammonium salts. The 
authors state that ‘‘the production of 1.44 grams of gas per gram of 
organic matter decomposed is to be expected from previous investiga- 
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tions’? made by them. On the basis of several studies the data ‘‘should 
definitely establish the fact that the anaerobic digestion of sewage solids 
produces CO, and CH,, the weight of which exceeds the weight of the 
volatile matter removed due to the reaction with water.’’ These re- 
sults and conclusions are based upon certain analytical methods the 
accuracy of which has not been satisfactorily shown. 

Aerobie decomposition of sludge was investigated by Heukelekian.’° 
He found that a 50 per cent reduction in volatile matter was obtained 
with fresh sewage solids aerated for 65 days; seeding the same material 
with aerobic sludge reduced the time to 35 days. Fat and B.O.D. re- 
ductions were greater and nitrogen reduction less with the seeded mate- 
rial. Material digested anaerobically was further reduced by aeration. 

Trickling Filters—Few important contributions have been made 
during the year on the mechanism of trickling filters. Studies on the. 
function of filters reported by Gaultier,1! based on research by Blunk of 


the Emscher District, indicate that with the increase in the mass of film 
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present in the filter the contact time of the sewage increases, and that {he 
purification obtained is directly proportional to the volume of film. 
The allowable loading of the filter can be caleulated from the volume of 
the film present. When the sewage is fresh and well aerated the amount 
of oxygen passing into the filter with the spray is adequate for aeration 
and the carrying away of gaseous products, especially CO,. Tempera- 
ture is an important factor, as has often been shown. Calculations show 
that a ripened filter operated at 15° C. ean take care of 5 ke. of organic 
material per day for each cubic meter of film. Several sets of curves 
show the relations between volume of film, air requirements, contact 
time, sewage concentration, and the size of filter material. 

No new methods of control or important contributions to the know1- 
edge of fly breeding have been reported. Dyson and Lloyd ™ report 
that the most abundant species of fly present at the Leeds sewage filters 
is Spaniotoma minima, a minute black fly 1.5 mm. long, active in day 
time, which mates on walls, pipes and surfaces of puddles and deposits 
its eges in small clusters embedded in mucus. On limestone it appears 
to be twice as prolific as on gravel beds. To prevent fly breeding smooth 
pebbles are preferred. 

The life history, habits and control of that hardy perennial, the 
Psychoda fly, have been made the subject of an excellent summary by 
Fair.* The fly may hibernate in any one of its four phases; egg, larvae, 
pupa and adult, although in the latter case, only in the lower strata of 
the filters. The trickling filter provides the ideal condition of life for 
Psychoda, which lays from 10 to 40 eggs and completes a life cycle of 
from 10 to 16 days in warm weather. These facts sufficiently account 
for its distressing prevalence. Although not a biting fly, Psychoda may 
be considered a potential menace to health, justifying serious considera- 
tion of control measures. 

Among such measures the various possible biological agencies offer 
little hope of usefulness. A voluminous literature is cited by Fair. 
tending to show that neither repellants nor contact agents can be ef- 
fectively used for control by chemical means. Intermittent chlorination 
may substantially destroy the larvae by bringing about an off-season un 
loading of the filters, which may be otherwise unobjectionable, if not 
actually beneficial. Periodic flooding of 24-hour duration, as developed 
at Plainfield, New Jersey, has been found to be successful. Filter con- 
struction is also a control factor. Tighter walls and in particular a sur- 
face barrier of coarse gravel have been found helpful. 

Aeration and Ovxidation—The efficiency of biological processes 
depends so largely upon the solution of oxygen in water that the deter- 
mination of this rate is of fundamental importance. Scouller and 
Watson ** have shown by laboratory experiemnts that the top portion 
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of the water always contains a greater percentage of oxygen than the 
bottom portion, whether the surface be open or covered. Oxygen was 
absorbed from bubble surfaces at three times the rate of absorption 
through the exposed surface. Kessener and Ribbius* calling attention 
to the faet that the comparison of aeration systems turned out quite 
differently when sewage instead of tap water was oxygenated, state that 
in recent experiments with sterilized sewage the oxygenation capacity 
of an air blowing plant was reduced by 70 per cent and the oxygenation 
capacity of a surface aeration plant by only 35 per cent. 

Absorption of oxygen by crude sewage, effluents and activated sludge 
at various temperatures and pH values has been studied in the labora- 
tory of the London School of Hygiene.2 The Barcroft apparatus was 
used. The quantities of sewage used were 2 ¢.¢c. to which 1 ¢.e. of buffer 
solution was added. The rates of absorption varied considerably as 
the oxidation proceeded and the changes in rate were different with 
different samples of sewage. With effluents the differences were noticed 
within a few hours. The relative rates of oxidation showed that all 
results obtained in the Bareroft apparatus were higher than those ob- 
tained with the dilution test for B.O.D. The temperature in the ap- 
paratus was somewhat higher. Possibly the removal of CO, facilitated 
oxidation. The rate of oxidation of a mixture of sewage and activated 
sludge was greater than the sum of the rates of the individual constitu- 
ents of the mixture, especially during the earlier stages of oxidation. 
These results are not surprising since food supply in the one and a 
properly balanced flora and fauna in the other sample have a_ pro- 
nounced effect. 

The effeet of pH values on the oxidation of sewage and sludge was 
investigated. No oxidation oceurred at pH 4.0 and very little at pH 
12.5. The maximum rate occurred in the pH range 6.6 to 9.0. The 
rates of oxidation were evidently affected by the salts in solution used 
for buffers. The maximum oxidation of ammonia took place in the pH 
range of 8.0 to 9.2; at pH 6.4 and 10.0 no appreciable oxidation occurred. 

Sewage and sludge sterilized by heating or disinfectants did not 
absorb oxygen in the Bareroft apparatus (consisting of two flasks eon- 
nected to a differential manometer), but oxidation started immediately 
after inoculation with certain bacteria (Ps. fluorescens, Ps. pyocyaneus, 
B. coli and proteus). No oxidation of ammonia occurred with these 
organisms. A species of a flagellate protozoa, Polytoma uvella, free 
from bacteria, brought about oxidation of sewage and sludge, but less 
than that of the bacteria Ps. fluorescens and B. coli. 

The effect of temperature and seasons on the purification of sewage 
by the activated sludge process was studied by Viehl.1° He stated that 
the oxidation of organic nitrogen followed the van’t Hoff rule between 
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temperatures of 2 to 25° C. The optimum for nitrate formation was 
approximately 26° C. and for nitrite formation 35° C. The optimum 
temperature for the process was found to be about 29° C. The effect of 
temperature upon the reduction of organic matter was relatively impor- 
tant. Between 15 and 30° C. the rate of oxidation was nearly con- 
stant; at 8° C. and below, retardation occurred, while above 35° C. 
rate decreased rapidly. The flora and fauna of the sludge seemed to be 


,] 
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able to adjust themselves to low temperatures, so that after two months 
operation the sludge kept near 0° C. had about the same purification 
power as at 8° C. The median temperatures produced the most dilute 
sludge, containing the greatest numbers of Sphaerotilus and the ereat- 
est variety of species of protozoa and metazoa, while the largest numbers 
of organisms were noticed at the lower temperatures. Above 44°C. 
practically nothing but bacteria were present, with poorer purification, so 
that aerobic thermophilic purification could not be accomplished. 
Seasonal fluctuations were unimportant; the purification in summer was 
probably somewhat retarded because the incoming sewage was more 
septic than in winter. The numbers of protozoa and fungi did not vary 
with the seasons, but settling of the sludge was poorer in summer and 
fall than in winter and spring. 

Activated Sludge.—The mass effect of return activated sludge may 
affect materially the rate and degree of purification of sewage. Stress 
has also been laid upon specific organisms present which may cause 
‘*bulking’’ as well as upon substances present which may upset good 
purification. Jan Smit ™ in a second paper on the bulking of activated 
sludge, reviews the opinions of several investigators and describes some 
interesting experiments on the so-called caustive organisms. 

Acid-forming materials added to sludge showed that the pH could 
be lowered to 5.0 without the occurrence of bulking. 

Sehmiedt had previously reported that bulking occurred in the 
presence of 0.3 to 0.5 p.p.m. H.S, but Smit added from 5 to 10 p.p.n. 
equivalent H,S as Na.,S without causing bulking. Smit isolated pure 
eultures of the organism presumably responsible for the bulking 
(Sphaerotilus natans) and studied their characteristics. He found that 
their nitrogen requirements were slight, that they utilized glucose, levu- 
lose, lactose, saccharose, maltose, galactose, mannitol and salicin, could 
not utilize glycerol or arabinose, that in a medium containing elucose 
and an excess of calcium carbonate, the sugar fermented in a few days, 
and 20 per cent of the fermented sugar was recovered as acetie acid by dis- 
tillation. The optimum temperature of growth was from 20 to 25° C. 
and the pH value 6 to 8. 

The oxygen requirements of the organism were unusual, in that 
growth took place normally on the surface of agar plates at atmospheric 
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as pressure, but was not retarded appreciably in a bottle completely filled 
im and stoppered, with nearly complete exclusion of the air. Aeration, 
of however, retarded growth. 
or- ‘‘In view of the fact that bulking of activated sludge develops under 
mn- full aeration of the liquid, and that excessive amounts of air neither 
the prevent nor cure the disease, this behavior is rather astonishing, and 
be seems to indicate that in sewage the oxygen is unable to create conditions 
ths of full aeration, whatever the amount of air may be.’’ 
on The identification of the organism as Sphaerotilus natans is not 
ite established with complete certainty, and the ‘‘ecrucial experiment,’’ caus- 
at- ing the sludge disease by adding the organism to healthy sludge, has 
Ys not yet sueceeded, nor has it been possible to indicate the conditions that 
c bring about an abundant development of the threads under apparently 
SO quite normal conditions. This report is illustrated with some excep- 
dL. tionally fine photomicrographs. 
as Heukelekian '* in further laboratory studies points out the relation 
re between the quality of the effluent and the stage of oxidation of the 
ry activated sludge. 
nd When working with three materials, sewage alone, sewage plus ac- 
tivated sludge, and sludge alone in varying suspended solids coneentra- 
AY tion, it was found that in general suspended solids inereased slightly 
‘SS with 6 hours aeration, remained constant with 12 hours aeration, and 
se decreased with 48 hours aeration, indicating that sewage colloids are 
vd precipitated during the aeration period. 
ad The B.O.D. and the oxygen consumed from permanganate of the 
ne various mixtures showed a continuous decrease as the aeration period 
increased, while the ash content of the suspended solids tended to in- 
Id crease slightly. 

In evaluating the extent or stage of the oxidation, the author pointed 
he out the relation between the B.O.D. and the suspended solids concentra- 
en tion. If the solids were all in exactly the same state of oxidation, the 
és amount of B.O.D. required by 1 p.p.m. suspended matter would be the 
Is same in all cases, regardless of concentration. 

. It was found that as the suspended solids concentration increases, the 
2 amount of B.O.D. required per part suspended solids decreases, conse- 
c quently the higher this ratio the lower the stage of oxidation. 
: Comparatively little is known about numbers of bacteria and the re- 
Z lation between flora and fauna in the activated sludge process. Heu- 
: kelekian !® has made an attempt to study the bacterial numbers of ac- 
tivated sludge mixtures and their various experimental conditions. He 
found that with low concentration of solids the numbers of bacteria 


were generally high per unit amount of suspended solids but that the 
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relative increase of bacteria was accompanied by a lower purification 
efficiency. The effect of aerating sludge mixtures of low concentration 


was generally an increase in bacterial numbers while in sludge mixttives 
of high suspended concentrations the bacterial numbers tend to deerease 
as a result of aeration. In another publication *’ he reported that the 
numbers of small protozoa decreased and the large protozoa inereased 
as the amount of activated sludge was increased in relation to sewage. 
Last year experiments were reported on the rate of oxidation of 


sewage solids when subjected to air without return of considerable quar 


tities of activated sludge. Results reported by Calvert and Bloodgood 
on plain aeration showed that composition of the sludge produced was 


, 


materially different from activated sludge. The nitrogen content was 
lower, whereas the grease content was nearly three times higher. 

Concentration of activated sludge in a settling tank, where it grows 
stale at a rapid rate, may affect the rate and degree of purification. This 
effect is most important in plants with comparatively short detention 
periods. 

Ridenour and Henderson ** in laboratory studies of the effect of stale 
return sludge on the activated sludge process, correlated the concentra- 
tion of solids with the tendeney of the sludge to deteriorate. The con- 
dition of the sludge was established by a determination of the 10-minute 
B.O.D. per gram of volatile matter. The increase of the B.O.D. was 
directly proportional to the concentration of the sludge. By maintain- 
ing a constant concentration of solids in the mixed liquor and varying 
the concentration in the settling tanks to change the 10-minute B.O.D. 
of the returned sludge, they found that the effect of staleness ‘‘was 
noticeable throughout the entire length of the aerator,’’ as measured by 
the determination of the B.O.D. of the supernatant liquor, and that the 
decrease in efficiency was in fairly direct proportion to the B.O.D. of 
the returned sludge. 

Chemical Precipitation and Sludge Dewatering.—No one has as yet 
presented an adequate theory of the basic phenomena involved in chemical 
precipitation and sludge dewatering. From time to time contributions 
to such a theory appear. Genter ** has attempted to demonstrate that 
the well-known resistance of sewage sludge to coagulation is not so much 
due to the nature and amount of colloids present as to interfering soluble 
decomposition products produced during digestion and accumulated in 
the liquid surrounding the sludge particles. Ammoniacal compounds in 
particular react with the coagulant. The concentration of soluble de- 
composition products in the surrounding liquor and held by adsorption 
ean be decreased by changing the adsorption equilibrium by elutriation. 
The removal of the soluble compounds of ammonia and its derivatives 
from sludges saves considerable coagulant. The author has not shown 
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that the phenomena discussed are wholly or in major part responsible 
for the difficulties enumerated, although he has presented evidence of 
value. 

Results dealing with the relationship between drainability of sludge 
and the degree of digestion were reported by Rudolfs and Heukelekian.* 
They found that drainability increased with the increase in gas produe- 
tion until and shortly after the peak of gas formation had been reached. 
Storage decreased the drainability, while the nature of the sludge, cer- 
tain industrial wastes, ete., affected the dewatering. Results obtained 
by Edmondson * on vacuum filtration of mixed secondary sludge and 
activated sludge alone showed eakes of 82 and 87 per cent moisture 
after suitable conditioning. In his experiments lime proved the best 
conditioning agent for mixed sludges and FeCl, for activated sludge 
alone. Activated sludge was not amenable to pressing, while centri- 
fuging vielded products from unconditioned sludge comparable with 
those obtained by vacuum filtration from conditioned sludges. The re- 
sults however were not impressive as a final product. 

Vcthods.—Diffieulties with B.O.D. determinations, especially vary- 
ing results from duplicate samples are frequently encountered. Deter- 
minations of the B.O.D. of pure organie substances such as sugars, are 
apt to show variations especially when the samples are not properly 
seeded. Results reported by the Water Pollution Research Board * on 
the B.O.D. of sucrose solutions, incubated in tap water and without 
“any special inoculant’’ show variations from 462 to 693 parts per 
million. Changing the size of sample and sealing the bottles with wax 
did not show appreciable differences in the variations. Experiments 
were made with a Bareroft respirometer, consisting of two flasks con- 
nected to a differential manometer, in an effort to adapt the apparatus 
for B.O.D. determinations. 

Analytical procedures applied to sludge are notoriously erude and 
have been too often neglected. In an excellent summary of the situation 
with regard to the volumes of sludges and to the dozen or more ratios, 
indices and other methods of deseribing volume relationships Mohl- 
man ** has shown the unsatisfactory status of the present situation and 
has proposed a sludge index in the interest of uniformity and precision. 
This index is the volume in cu. em. occupied by one gram of sludge after 
settling 30 minutes. The volume settling from a given sample is de- 
termined as usual. The sample is then mixed and the suspended solids 
determined in per cent by weight. The sludge index is then the ratio of 
the per cent by volume to the per cent by weight. The need for such a 
standardizd index is shown by the conversion factors of 100, 1000, and 
10,000 necessary to convert to three other indices commonly used at 
present. 
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A study of the pH in sludge by Banta and Pomeroy * led to the 
conclusion that it ‘‘is determined by the equilibrium between dissolved 


> The concentration of dissolved CO, is de- 


CO, and bicarbonate ion.’ 
pendent upon the composition of the gas evolved and the bicarbonate hy 
the exeess of alkaline substances over the organic and fixed acids. he 
colorimetric pH determination may be a convenient indication of certain 
conditions, but is uncertain for the progress of digestion after the pli 
is above 6.5. The authors apparently have not considered the buffer 
action of materials such as phosphates, which undoubtedly are of im- 
portance. 

An apparatus for the determination of dissolved oxygen in sewave 
mixtures has been deseribed by Theriault and MeNamee.?* It is espe- 
cially designed for determinations of low D.O. concentrations in ac- 
tivated sludge—sewage mixtures. The dissolved gases in the mixture 
are removed to a vacuum system within 15 seconds of collection and then 


subjected to a gas analysis. An accuracy of about 10 per cent is claimed. 


StupGE DIGESTION AND DISPOSAL 


The vear 1934 in sludge disposal was characterized by a number of 
new plants, by further developments in dewatering sludge on vacuum 
filters and by spray drying, by elutriation as a means of increasing thie 
efficiency of sludge filtration, by an increased interest in sludge inciner- 
ation, and by experimental work on the digestion of mixtures of sludge 
and ground garbage. <As in 1933 there was continued interest in the 
operation of gas engines with sludge gas. 

Genter,? Keefer *° and also Keefer and Kratz * have published the 
results of extended experiments on the elutriation or washing of sludge 
as a means of reducing the amount of coagulant needed for conditioning 
sludge prior to dewatering on vacuum filters. Elutriation of digested 
sludge was found to remove some of the ammoniacal compounds of 
decomposition which reacted with ferric chloride. Keefer and Kratz 
reported that ferrie chloride appeared to be the best of four coagulants 
tried, and that the improved operation of vacuum filters was greater 
for digested than for raw sludge. The cost of vacuum filtration of 
elutriated sludge was estimated by Keefer at $3.30 per ton as compared 
with $6.13 per ton for drying on open sand beds. 

The combustion of screenings or sludges involves the sewage works 
engineer in the complexities of power-house problems, heat units, evapora- 
tion of water, ete. In addition there is a serious problem of odor con- 

_trol. Stilson ** has analyzed the thermal balance in evaporation and 
combustion of various types of sludges, and, despite a certain weakness 
in some of his chemical and biological assumptions, has laid a founda- 
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tion. both as to manner of treatment and as to fundamental data, for a 
more complete theory. 

Ile considered as successive steps: dewatering by filtration or other- 
wise, reducing the moisture from 95 to 75 per cent; drying to approxi- 
mately 20 per cent moisture; and combustion. Only the last two steps 
were discussed. 

In the drying stage, odor prevention is a prime consideration. The 
author assumed that odors evolved in the drying of fresh sludge repre- 


sent the exact ‘‘materials’’ that would be altered during digestion of 
the sludge, and that such 


before and after digestion. ‘‘Materials,’’ as illustrated in a specimen 


’ 


cc 


materials’’ could be determined by analysis 
hypothetical analysis, were carbon, nitrogen, and fats, oils, ete., which 
curiously added up to 100 per cent. The same line of reasoning would 
make albumin much less digestible than animal fat. 

Despite this attempt to base good experimental observations upon 
weak assumptions, the data themselves are useful if confirmed in prac- 
tical operation. Drying temperatures of 95°-100°F. were recommended, 
with avoidance of local scorching to prevent destructive distillation. 
From a moisture content of 50 down to 20 per cent, which is as low as it 
is safe or necessary to go, it was recommended that the exhaust air be 
burned at 722° F. or higher. <A slight degree of alkalinity and presence 
of iron salts were assumed to assist in odor prevention. 

Most of the discussion of the incinerator or combustion stage was 
devoted to a demonstration of the thermal waste, of adding paper pulp to 
sludge. Upon the data given, pulp, on a dry basis, has a lower heat of 
combustion than most sludges and hence its addition is unfavorable to 
the balanee. The practical usefulness of this section, again, is the 
example of computing a heat balance from data given. The discussion 
of this paper brought out a variety of opinion, the concensus being that 
filter cake sludges are best handled as garbage and burned with ade- 
quate extra fuel to guarantee complete and odorless combustion. 

Experiments *! at Chicago have indicated that the incineration of 
sludge cake from vacuum filters is practical and economical on a large 
scale. The process involves vacuum filtration, flash drying and combus- 
tion. An ineinerating plant with a rated capacity of 40 tons of dry 
sludge per 24 hours has been approved for construction at the Calumet 
plant of the Chicago Sanitary District.*? At Dearborn,** Michigan, a 
sludge ineinerator has just been placed in operation with a rated 
capacity of 50 tons per 24 hours of filter cake having a moisture content 
of 65 per cent. The contract cost was $56,000. 

Spray drying of sludge as tried out at Plainfield, New Jersey, was 
described by Downes.** The drying equipment comprises a spraying 
tower, furnace, blowers, atomizers and appurtenances. The furnace burns 
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sludge and soft coal, the data indicating that the sludge furnishes about 
one-third of the total heat. 

Chamberlain *® has discussed conditioning of sludge with various 
ecoagulants for dewatering on vacuum filters. An editorial in This 
Journal ** concludes that the relative merits of open and glass covered 
sand beds are still indeterminate; and that vacuum filtration appears 
to be more expensive than drying on sand beds, but that progress in 
mechanical filtration appears likely. Donaldson ** has reported the sue- 
cessful filtration of raw primary and excess activated sludges at Hagers- 
town. Dosing was found to be necessary immediately preceding the 
filters. Paper pulp did not appear to be helpful. The cost was given 
as $13.74 per ton of dry solids. 

As a result of three years of experimental work at Manchester,*® 
England, it was reported that equal volumes of activated and primary 
sludge digested readily, but that the digestion of activated sludge alone 
was unsatisfactory. The addition of 10 per cent of primary sludge 
aided the digestion of activated sludge, and 15 per cent stabilized the 
digestion of activated sludge. Short periods of digestion appeared to 
increase the difficulty of separating sludge liquor. 

Keefer and Kratz *® reported that Baltimore garbage would digest 
readily if properly seeded with sewage sludge. The digestion period at 
28° C. was reported to be 30 to 40 days. The optimum pH was found 
to be 6.8 to 7.2. The digested material could be dried on sand_ beds. 
Gas production was found to be at least equal to that of sewage sludge, 
with an indication that the CO, content of the gas might be somewhat 
high. 

A new eaterpillar tractor equipped with side dump bins for haul- 
ing sludge from sand beds has been described by Walraven,*' engineer 
at the Springfield, Ill., sewage treatment works. The bins, which are 
detachable, have a total capacity of 2.75 cubie yards. 

Sperry * has used a novel tipping bucket meter for measuring sludge. 
He states that the meter is easily kept clean and permits a visual in- 
spection of the sludge. 

The installation of gas engines to operate on sludge gas is ineluded 
in contract plans, or is seriously contemplated, for the sewage treatment 
plants at Washington, D. C., Coney Island, N. Y., Madison and Janes- 
ville, Wisconsin, Peoria, Illinois, Cedar Rapids, Iowa, Toledo, Ohio 
Deeatur and Roekford, Illinois. 
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moved straight upward, the majority of them breaking on the surface di- 
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ACTIVATED SLUDGE 
Studies of the activated sludge process proceed along three lines. 


First—Investigation in the laboratory into the fundamental principles 
involved, in order to expand and furnish new methods of ex- 
perimentation. 

Second—Experiments with small units, designed to obtain basie data 
for the design and construction of larger plants. 

Third—Study of the results of operation of full-scale plants, as a basis 
for improved design and more efficient operation in succeeeding 


plants. 


Thus we have a eyele, each phase of which is dependent on the other. 

Much of the research of today has been made necessary by the 
vagaries of plant performance. Perhaps the most noteworthy proof of 
this statement is the study of the cause and prevention of ‘‘bulking,”’ 
discussed in former reports of this committee.**.. During the year several 
additional papers have appeared. 

Mauzey ** attributed bulking to the tomato seeds and peach seraps 
received at the Phoenix, Arizona, plant during the canning season. It 
was remedied by the addition of lime to aeration and sludge reaeration 
tanks. At Gastonia, N. C.,4° dye wastes were assumed to be the cause. 
The addition of ferrie chloride to the crude sewage entering the aeration 
tanks prevented further bulking and the plant again functioned normally. 

Bulking was remedied at Glenelg, Australia,‘® by M. Garlick by re- 
duction of incoming sewage and increase in aeration. The biochemical 
aspects of this problem are discussed on page 154. 

The problem of diffused aeration versus mechanical aeration has been 
discussed by Babbitt.4* He states that in diffusion methods, much of 
the power is utilized in agitating the contents of the tank, and that such 
agitation can be accomplished more efficiently by mechanical means. He 
makes favorable mention of Imhoff’s method of diffused aeration ecom- 
bined with submerged paddles to turn the sewage. In mechanical plants 
he points out that the thin film of sewage exposed to the air is almost 
instantaneously saturated with oxygen. If this saturated film can be 
broken up and the liquid turned over, a constantly changing layer of 
unsaturated liquor is exposed to the air. This turning over and ex- 
posure to the air is essential regardless of how it is accomplished, and as 
evidence of its importance, Babbitt refers to the greater success of the 
spiral flow tank, as against similar tanks having more complete distribu- 
tion of air over the horizontal area. 

Kessener ** carried on experiments in aerating tanks with windows and 
found that air bubbles, from diffuser plates along one side of the bottom, 
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rectly above the plates; very few were carried with the revolving {'ow, 
With paddles for distributing the air, the air column was bent toward the 
middle of the tank, and distribution was not very good. Air bubbles 
produced by revolving brushes were more finely divided than with direct 
air. A much smaller percentage burst on reaching the surface and <is- 
tribution was better. Small bubbles rose very slowly and were 1 


_ 
susceptible to cross currents. 

Adeney and Schmiedt * state that with increased volume of air and 
more vigorous ascension of the air bubbles the detention period and 
resultant absorption are less. 

Kessener and Ribbius * in seeking a method for the determination 
of the purification capacity of an activated sludge plant, conclude thiat 


the measuring stick is the ‘‘oxygenation capacity.”’ 
Adeney and others have found that the rate of oxygen absorption 
from the air by water kept uniformly mixed is directly proportional to 


the oxygen deficiency, to the aeration area, and to a temperature fune- 


tion. 
de ig 2 = : : 
- A X 0.00594 (7 239) (C,— Cz) 
dt 
where 
de : , : . - 
a rate of O, absorption from the air at time, f, in grams per 
: 2 
hour per cubic meter, 
A aeration area per volume of water in m*/m* = meters, 


T — absolute temperature, 

C, = saturation value of the water for air—oxygen at the given 
temperature and pressure (g/m* ems. per cu. m.), 

C; = oxygen content of the water at time ¢. 

Kessener and Ribbius in a test using no surface aeration, except that 
produced by the movements of the water itself when turned by com- 
pletely submerged paddles, found a very close relationship between the 
actual and the caleulated values of 0.280, and 0.281 and 0.280 m?/m*, 
respectively, against the actual natural area of 0.272 m?/m* (the natural 
area being the surface area of the tank divided by the volume of the 
tank). Their method of procedure was to fill the tank with clean water, 
free the water from oxygen by chemical methods, start the aeration 
mechanism and then determine the oxygen at regularly timed intervals 
by proper sampling. The water was deoxygenated by a mixture of fer- 
rous sulphate and sodium hydroxide. 

This method is applicable when mechanical aeration is used and the 
air pressure is atmospheric, but aeration with compressed air compli- 

‘ 


cates the problem. For compressed air systems the expression ‘‘aera- 


tion area’’ is insufficient and Kessener therefore uses the term ‘‘oxy- 
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venation eapacity.’’ The curve for oxygen absorption attains higher 
values When using compressed air due to the air bubbles being under 
higher pressure. ‘‘Since the saturation value is directly proportional 
to the air pressure, the theoretical pressure during aeration can be eal- 
eulated from two experimentally determined saturation values. This 
pressure appears to exceed the barometric pressure by something less 
than half the head of water above the diffusers.”’ 

For direct comparison of a compressed air with a surface aeration 
system the de/dt must be converted to the same conditions of pressure 
by multiplying by P,,,,/760 where P,,. is the theoretical air pressure dur- 
ing aeration, caleulated for barometric pressure 760. 

Experiments with settled sewage did not show such regular oxygen 
absorption curves as clean water. The dissolved oxygen increased more 
slowly, became constant and then decreased (due to the biochemical 
oxygen demand). 

Oxygen absorption by sewage seemed to be more unfavorably in- 
fluenced by diffused air systems than by surface aeration systems. 

Schmiedt,®® experimenting with aeration of sewage in a Dywidag 
tank, employed varying quantities of air and aeration time. He con- 
cluded that the aeration depends upon the surface area, the tempera- 
ture and the depth of the liquid. The smaller the air bubbles the more 
rapid he found the oxygen absorption. The oxygen absorption in acti- 
vated sludge depends upon the type and concentration of sludge pro- 
duced, and the degree of purification. Schmiedt concluded that puri- 
fication with activated sludge is due to absorption of sewage colloids 
by the sludge and that such absorption depends upon the degree and 
time of mixing. Sechmiedt would make the processes purely physical- 
chemical, while Kessener and Ribbius criticize his work as well as his 
conclusions. They hold that the process is largely one of biochemical 
oxidation. 

At Lima, Ohio,®' one of four aeration tanks required more air pres- 
sure than the the other three. <A solution of 5 per cent sodium hydrox- 
ide (lve) was passed backwards and forwards through the filtros plates, 
by alternately applying and shutting off the air for 10 days. This cor- 
rected the difficulty due to clogging of the plates. 

Roe ** deseribed the causes of clogging and presented a summary of 
the various practices used for cleaning air diffusers. The various meth- 
ods consist of eaustie, acid, or chlorine treatments, sand blasting, sur- 
face spalling, surface burning, vacuum treatment, resting, steam or 
water baeckwashing and various combinations of these procedures. 

Sierp and Fransemeier ** concluded that copper to the extent of 1 
p.p.m. had no effeet in activated sludge treatment. If greater amounts 
than this are encountered disturbances appear which can apparently 
be overcome by increased aeration. 
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At Indianapolis, Indiana,*' the activated sludge plant was inade- 
quate to treat the entire flow of sewage. Calvert and Bloodgood after 
experimenting with a one million gallon unit, changed the operation 
so that no sludge was returned, and the sewage received only »lain 
aeration for a 7% hour period. While the total flow treated was in- 
creased, and the plant effluent was not so attractive as it formerly was, 
the total pounds of suspended matter and B.O.D. removed were con- 
siderably increased. The character of the sludge formed was cuite 
different, in that the solids content of the plain aerated sludge was 
considerably greater and such sludge contained more ether-soluble ma- 
terial and less nitrogen and ash than true activated sludge. No diffi- 
culty was encountered in the digestion of the changed sludge. The 
effect of the change in treatment was that the cost.of removing one 
pound of B.O.D. decreased from $5.33 to $3.46, the removal of suspended 
solids by the plant increased 64 per cent and the removal of B.O.D. in- 
creased 43 per cent. 

Schimrigk ** placed wood shavings in the sludge activation tanks to 
increase surfaces for biological growth. Good results were reported. 

In a paper ‘‘Settling and Compacting of Activated Sludge,’’ Rudolfs 
and Lacey *’ review the findings of previous investigations, and present 
the following conelusions: 

(a) With increasing aeration temperatures the rate of settling in- 
creases. With increasing settling temperatures the rate of settling de- 
creases. 

(b) Pressure has little effect on settling. 

(c) With increasing solids concentration rates of settling and com- 
pacting are retarded. 

(d) The shape of the container makes little difference in the volume 
of sludge settled in 30 minutes. 

(ec) The greater the depth of the liquid the slower the rate of settling. 

(f) The greater the angle from vertical the less volume is occupied 
by the sludge after 30 minutes settling. 

(g) Prolonged aeration decreased the volume of sludge settled. 

(h) Stirring and mixing appear to have little effect on the settling 
and compacting. 

(t) Inereasing septicity generally results in slower settling and 
compacting. 

(j) Fresh solids added to activated sludge cause the mixtures to 
settle and compact at a more rapid rate than activated sludge alone. 

Walter Scott °° of Bury, England, read a paper in March, 1934, at 
the Institute of Sewage Purification, pointing out the troubles in sewage 
purification due to gas works liquors in sewage. The plant at Bury isa 
surface aeration plant. Gas works liquor reduced the volume treated 








to 
ed. 
I fs 
nt 


I- 


ne 


at 


re 











Vol. 7, No. 2 REPORT OF RESEARCH COMMITTEE 165 


from 1.0 to 0.6 m.g.d. with a decidedly inferior effluent and increased 
the horsepower from 20 to 34 HP per million gallons. 

In Germany, treatment of gas liquors has been accomplished by 
filtration through carbon filters, and removals from 93.5 to 96.0 per cent 
have been obtained. The cost of the treatment is just about offset by 
the sale of the recovered phenol. 

(Gias liquors have been reported to cause difficulties at Phoenix, 
Arizona.** The addition of lime to the aeration and sludge reaeration 
tanks did not correct the condition. 

Experiments in England by Key and Etheridge * have indicated 
that the activated sludge removed 100 per cent of the phenol in 8 hours 
or less. 

Aceording to Foster and Haase °** air, distributed in as small bubbles 
and as uniformly as possible, applied in sufficient quantity to bring the 
sewage to a strong boil, changes the phenols by polymerization to in- 
soluble compounds, which can be removed by filtration. The tempera- 
ture must be 158° F. or higher and the pH between 8.0—-10.0. Such a 
process seems impracticable for the entire sewage flow of a city, but it 
might be used at the origin of the wastes. 

Fischer *? has commented on the disturbing effects of supernatant 
liquor added to raw sewage entering activated sludge plants. 

Travaini °° at Phoenix, Arizona, has had difficulties with supernatant 
liquor, and by reducing the quantity of liquor by concentrating the 
sludge entering the digester, he has improved the operation of the plant. 

Rawn “! has reported that septic sewage formerly reached the activated 
sludge plant, and did not respond readily to treatment. Chlorination 
produced a fresh sewage at the plant and the plant capacity was 
trebled. 

Kxperiments in the United States have indicated that treatment 
of dairy wastes by the activated sludge process is not feasible. 

Kessener “* has made studies both in the laboratory and in actual 
plant practice to show that it can be and is being done by the activated 
sludge process, using the revolving brush aerator. 

At Hamoir, Belgium, a plant was designed to treat the wastes 
from a plant handling 25,000 quarts of milk daily, giving a sewage flow 
of about 92,500 gallons. The plant has been in operation since the spring 
of 1932 and has been treating 37,000 gallons of sewage per day. The 
use of hydrated lime appears to be essential in the summer to keep down 
the acidity. A number of tests taken over a period of time from May 
28, 1932, to September 5, 1933, indicate that the 5-day B.O.D. can be re- 
duced from an average of 314 p.p.m. to 5.3 p.p.m. 

Dr. Hamlin “ at the 1934 fall meeting of the New York State Sewage 
Works Association discussed some unique features of the Johannesburg, 
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South Africa, activated sludge plant, where excess activated sludve was 
pumped to the incoming sewage one-half mile distant from the plant, 
This tended to deodorize the sewage and to increase the settling effici ney 
from 12 to 20 per cent. Another interesting feature, (determined by ex- 
periment) was that on account of the high altitude, mechanical aerating 
devices would operate at only 35 to 40 per cent of the normal efficiency 
as observed at lower altitudes. 

At Velbert, Germany,"! an activated sludge unit was installed follow- 
ing Emscher tanks. The air was supplied by revolving brushes of the 
Kessener type. The plant was designed to provide 9 hours aeration for 
a population of 20,000. The power to drive the revolving brushes is pro- 
dueed by the fall of the plant effluent. 

experimental plants are still being constructed to compare activated 
sludge with other forms of treatment. 

The Apulian Aqueduct Commission has built a plant at Foggia, 
Italy,” and their findings covering operation results from August, 1931, 
to October, 1933, have been published in a report. 

Three methods of activated sludge treatment operating on the same 
sewage will be watched with interest at the Davyhulme Plant, Man- 
chester, England.“’ A 16 million gallon air diffusion plant, a 1 million 
gallon Simplex plant and a 0.6 bioaeration plant (vertical paddle wheels) 
will operate side by side. 


TRICKLING FILTERS 


The ventilation of trickling filters has received consideration from 
time to time but lacks satisfactory experimental study. Levine and 


Goresline “* contribute a study made upon a pair of experimental filters 
treating dilute skim milk. Each filter had an area of 2 sq. ft., a depth 
of 6 ft. and was filled with a rather tight mixture of clinkers, ranging 
from *g to 2 inches in diameter, except for the upper 6 inches which was 
of 2 to 4-inch material. The filters were provided with ventilating ports 
which could be closed, the outlets being trapped. A 2 per cent skim 
milk mixture was applied at the rate of 0.5 m.g. per acre per day. This 
constituted a rather heavy loading, but the purification was adequate, 
with ventilation, but failed with resulting pooling on the surface when 
ventilation was discontinued. 

Payrow °° has tested the tentative procedure adopted by a commit- 
tee of the American Society of Civil Engineers, Sanitary Engineering 
Division, for determining the soundness of trickling filter media, 7.¢., 
resistance to disintegration by alternate freezing and thawing, simulated 
in the test by erystallization of sodium sulphate. He finds that under 
controlled conditions, 20 successive treatments by the test are equiva- 


lent to 100 freezings, each in 24-hour cycles. The temperature of the 
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test must be standardized, however, and in view of other necessary re- 
fnements the author prefers actual freezing and thawing in a re- 
friverator fitted with a heating system and an automatic control of the 
eycle which, under these conditions, can be reduced to eight hours. 
See also references to filters in section Chemistry and Biology, 
p. 151.) 
CHLORINATION AND ALLIED PROCESSES 


Chlorine continues to serve as a highly useful chemical for various 
applications, temporary and permanent, in sewage disposal practice. 
Aside from its growing use as a sewage disinfecting agent it has now 
other important applications: (a) prechlorination to alleviate or elim- 
inate odor nuisances by suppressing bacterial activity and consequent 
septization of sewage; (b) for the production of ‘‘home-made’’ ferrous 
or ferrie chloride by passing strong chlorine water upward through iron 
scrap in towers; (c) for the production of a cheap ferric iron coagulant— 
chlorinated ecopperas—by chlorination of ferrous sulphate solutions pro- 
duced continuously ; (d) for the partial reduction of biochemical oxygen 
demand, retardation of the degradation of effluents with resultant stream 
loading; (e) control of aquatie growths in streams below sewage treat- 
ment works. 

During the year a compendium on sewage chlorination has appeared 
in the American Public Health Association’s Committee report ‘‘Sewage 
Chlorination.’’ This report (Committee Chairman Langdon Pearse) is 
the most valuable reference work which has yet been published on this 
subject. It was distributed by the A. P. H. A. to members of its Engi- 
neering Section ; by the Chlorine Institute, Inc., and Wallace and Tiernan 
Co., Ine. Copies may be obtained upon request to these agencies. 

Crude Sewage Chlorination But few attempts have been made to 
chlorinate crude or coarsely screened sewage except as an emergency or 
temporary measure. At Duluth, Minn., however, in the interval before 
completion of its treatment works (sedimentation, digestion, chlorina- 
tion), the crude sewage is being chlorinated in a novel manner. The 
screened sewage enters a holding (contact) tank providing 30 minutes 
of detention after application of the chlorine. To preclude solids deposi- 
tion and to provide continuous and intimate contact of solids with the 
chlorinated liquid, the tank contents are continuously turned over by 
revolving paddle wheels—an adaptation of the flocculator utilized in 
water coagulation and chemical precipitation processes. 

Prechlorination.—For inereased efficiencies in disinfection and im- 
proved clarification (septic tanks excepted) it has been thoroughly estab- 
lished that the practice of prechlorination yields results superior to 
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chlorination of the effluent, particularly whenever sewage tempera: res 
are conducive to septicization. 

Partial Chlorination.—Studies reported by Rudolfs ° and co-workers 
point to the efficacy of fractional chlorination (a satisfaction of bu: 50 
per cent and upwards of the chlorine demand), for disinfection efficicicy, 
provided: (a) the sewage or effluent is fresh at the point of chlorinaiion; 
(b) long periods of contact (one hour and upward) are available; (c¢) 
efficient chlorine distribution is assured. Not only are saprophytic (oxy- 
gen depleting) organisms destroyed and regrowths curbed, but remark- 
able reductions in B. coli numbers are observed, viz.: satisfaction of 50 
per cent of the chlorine demand reduces B. coli by 95 per cent after one 
hour, sometimes in a shorter period. 

Odor Control and Sewer Preservation.—Chlorination for odor con- 
trol continues in service on the Los Angeles County trunk sewers, where 
no less than eight chlorinator stations are maintained and 1500 to 1800 
Ibs. of chlorine are applied daily. This treatment controls odors and, 
more important, makes it possible for the activated sludge plant to handle 
the entire flow to the plant because of a fresher, less toxie sewage which 
is more amenable to aerobic treatment. 

After several years of careful observation, the American Concrete 
Pipe Association has, in 1934, rendered the opinion (Association Bul- 
letins) that partial chlorination seems to be a real and permanent solu- 
tion to the prevention of hydrogen sulphide production in sewers with 
consequent damage to concrete and masonry sewers, the process now 
being recommended and endorsed by the Association as a relief measure. 

Once more the value of prechlorination ahead of ‘mhoff tanks, as 
against chlorination of effluent for disinfection or odor control, has been 
established—at Lyons, N. Y., by the Research Committee of the New 
York Sewage Works Association; at Stamford, Conn., by the State 
Department of Health 7° and the municipality. 

Ferrous Chloride in Odor Control—A newer development in ef- 
fective, economical odor control is that put to use first at Oklahoma 
City, Okla., by Seott and Darcy. Early attempts to make ferrie chloride 
by discharging chlorine water upward through a tower filled with iron 
scrap to produce ferric chloride for coagulation in chemical precipitation 
processes led to the idea of the simpler, more controllable process of 
making ferrous chloride solution only, by the same scheme, and con- 
tinuously discharging it into a long odor-producing sewer carrying pack- 
ing house wastes plus domestic sewage. The overall efficiency, with less 
chlorine consumption, was thereby materially increased by the dual 
effect of disinfection and the affinity of the sulphides for the iron which 
resulted in non-volatile sulphide formation. The fact that the iron has 


no tendency to combine with the organic compounds, as has chlorine, 
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tends to make the iron effective throughout the entire sewer length and 
also through the Imhoff tanks. 

The process of using the iron scrap tower has since been effectively 
utilized at Lincoln and York, Neb., and Princeton, New Jersey. 

Chlorinated Copperas.—Several places have adopted chlorinated 
eopperas for coagulation, including Plainfield, N. J., now combining 
chemical precipitation with secondary biological treatment. 

At Liberty, N. Y., chlorine and copperas were determined to be the 
most economical and effeetive sewage coagulants, as based on a large seale 
demonstration, made under the supervision of the State Department of 
Health. Here the chlorine was added to the sewage; the ecopperas solu- 
tion was applied a few seconds later, and this was followed by a small 
dosage of lime. 

Demonstrations of dewatering of digested sludge on vacuum filters 
at Baltimore indicated that chlorinated copperas was the most economical 
of the iron coagulants. 

Sludge Thickening.—TYo reduce liquid loadings on digesters, sludge 
thickening is receiving increasing attention. Heavy chlorination of 
sludge has made it possible to procure high concentrations of erude, or 
of mixtures of crude and activated sludges. The high germicidal value 
of the liquor drawn from the concentration tanks makes it valuable for 
return to the incoming erude sewage. This scheme has not affected sub- 
sequent digestion of mixed settled and activated sludges at Newark, 
New York. A similar scheme is in use at Butler, Pennsylvania. The 
method of concentrating wasted activated sludge developed by Goudey 
at Los Angeles on a small test plant scale has proven efficacious at 
Phoenix, Arizona,®® making it possible to operate the plant without the 
odor nuisance attendant upon activating high-sulphate sewages with 
insufficient air capacity. At Phoenix the tap water in the thickening 
tank (clarifier) is chlorinated to maintain a slight residual chlorine at 
all times in the effluent. The thickened sludge (3 to 5 per cent solids) 
is transferred to the digesters and thus the amount of supernatant liquor 
to be handled is greatly reduced and the digesters are less disturbed by 
the liquor added. The small chlorine application merely maintains the 
sludge in a stable rate, which allows the necessary holding and sludge 
depth for effeetive thickening. Excessive chlorine application produces 
peptization or bulking of the thickened activated sludge, as was proven 
at the Hagerstown, Maryland. plant, during the summer of 1934. The 
thickening scheme will be further tested during the summer of 1935 
because the problem is largely one of summer conditions, due to septicity 
of the mixed sludges in the preliminary tanks. 

Sphaerotilus Control.—In activated sludge plants deficiency of aera- 
tion capacities resulting from heavy organic loads result in a defective 
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sludge impregnated by sphaerotilus and allied organisms. Bulking ind 
loss of sludge over the effluent wiers results and the thin sludge creates 


added difficulties when pumped to digesters. At Lima, Ohio, sich 
difficulties were corrected by adding a small continuous dosage (1 jo 2 
p.p.m.) of chlorine to the returned sludge. With the killing off of the of- 
fending sphaerotilus, the sludge returned to its normal condition only 


to bulk again with cessation of chlorination. The Lima method anc re- 
sults are to be published. 

Industrial Wastes——Studies made at Durham, North Carolina, lave 
shown that chlorination of certain wastes discharged by six textile and 
dyeing plants made them more amenable to treatment. It has been de- 
eided to require textile mill operators to chlorinate their wastes before 
discharging them to the municipal sewer system, for the sole purpose of 
relieving the loading on Durham’s new activated sludge plant, which 
now operates as an air-blowing chemical treatment plant to avoid patent 
infringement for the duration of the activated sludge patents. 

Prechlorination with Chemical Precipitation—It has been amply 
demonstrated at Freeport, Long Island, Liberty, New York, and Birming- 
ham, Alabama, that prechlorination of sewages subjected to chemical 
precipitation with iron salts is a highly important step in the process, 
in order to secure effective precipitation and to avoid reduction of the 
iron. 

Reducing Chlorination Costs—Aside from efficient distribution of 
chlorine, long contacts, and the lime-chlorine combination, there appears 
another scheme successfully used by several plants having to pay for 
water used in chlorinator operation. Small centrifugal pumps have been 
installed to deliver sewage plant effluent to operate the injector on the 
chlorinators. The dribble of water entering the tray of the machines 
is purchased. The scheme is practical and economical.” 


CHEMICAL AND MECHANICAL PROCESSES 


Chemical treatment of sewage has continued to grow in importance 
both as a primary process and as an ageney supplementary to plain 





sedimentation or existing biological plants. There are now in operation, 





or assured of construction, approximately 50 plants in the U. S. which 





employ chemical precipitation alone or in conjunction with secondary 





biological treatment. Chemicals are used for only a few months in the 





year at most places. Experimental work is going forward at many 





points wherein the value of chemical treatment is being tested and im- 





provements are being developed. 





Of outstanding interest is the decision’? to incorporate chemical 





treatment in the proposed works of the Minneapolis-St. Paul Sanitary 
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District for an estimated average sewage flow of 134 m.g.d. Here it was 
shown by eareful studies of oxygen balance in the Mississippi River that 
plain sedimentation, with 33 per cent B.O.D. removal, would suffice for 
90 per cent of the time. For the remaining 10 per cent of the time, 
possibly four consecutive months in worst years, and none at all in some 
years, 70 per cent B.O.D. removal was estimated to be sufficient. On 
this basis the new works are being designed for plain sedimentation, with 
chemical precipitation provided to increase the efficiency when needed. 
The sludge will be digested, dewatered on vacuum filters, and the sludge 
eake for the time being will be used for fill, with incineration as the 
future goal. The particular type of chemical treatment has not been 
stated, although cost estimates were set up on the assumption that ferric 
chloride would be used. 

New York City is planning to install at Coney Island a 35 m.g.d. 
plant employing plain sedimentation in winter, with chemical precipi- 
tation and chlorination in summer. An iron salt will be used for pre- 
cipitation, with or without lime as required. Filtration of the effluent 
is being considered as a future extension.7® 

The Dearborn, Michigan, plant, employing the Laughlin process, con- 
tinues to be watched with considerable interest as the first practical- 
scale plant in daily operation which was designed expressly for con- 
tinuous chemical treatment. Tests of operation by Dr. A. M. Buswell, 
referred to in last year’s report of the Research Committee ** were made 
in October and November, 1933, on domestic West Side sewage sep- 
arately from the sludge of the larger East Side works. Operating and 
analytical data were reported * throughout a 30-day test. A few of the 
more important data are: 


| Range of 87% 
Item Ave. of the © Removal 
| | Values 


Piow Mwred.......... on Ga Nahd ahi te wick es | 2.4 1.88-3.28 
Suspended solids | | 

PNRRIMY oe .5) ape ees pies | 227 | 74-400 

Ef } 18 | 7-25 | 92 
B.O.D. | 

NN a UG acres ths | 113 | 73-170 | 

| Orie ame Sen 28 20-39 | 75 


Suspended solids removed (analysis) 209 p.p.m. equivalent to 1740 lbs. per mg. 
Total solids removed (as filter cake)... .. 2100 Ibs. per mg. 
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The average chemical doses were, lime 220 Ibs. (as CaO), iron salt 86 
lbs. (as Fe), and paper 154 Ibs. per million gallons. The results from use 
of ferric chloride were practically identical with those from use of ferric 
sulphate, when both were computed to the same basis of the metallie 
iron content, namely, about 10 p.p.m. Fe. 

The author attributes the apparent inconsistency in the suspended 
solids data to analytical error. It would seem more likely that ii rep- 
resents the effect of coagulation upon the filtrability of colloidal and 
finally suspended matter. If so it is an important characteristic of a 
sewage and suggests an attempt to standardize a test to determine 
‘“eoagulable colloidal matter. ’’ 

At Perth Amboy, New Jersey, the second plant-seale Laughlin instal- 
lation is nearing completion. It includes improved flocculating arrange- 
ments and facilities for handling and feeding reagents. 

At Birmingham, Alabama, the Shades Valley plant, initially de- 
seribed by H. H. Hendon, Sanitary Engineer for Jefferson County,” 
has attracted wide attention. Hendon, in January, 1935,7> gave more 
information regarding this installation, which was started in operation 
in June, 1934, and has had about two months’ operation with chemicals 
The plant was laid out with unusual flexibility of operation to permit 
either plain sedimentation or various combinations of single-stage or 
double-stage operation, with or without return of chemically precipi- 
tated sludge. The precipitant used is chlorinated-copperas. At the 
New York meeting, Hendon reported best results from series operation 
of the two settling tanks, with primary settling followed by chemical 
application to floeculators ahead of the secondary tank, and with return 
of all chemical sludge to the raw sewage. In treating a weak sewage 100 
p.p.m. suspended solids and 80 p.p.m. B.O.D., he obtained 90 per cent 
and 87 per cent removal, respectively. The corresponding chemical 
doses were reported as 70 Ibs. chlorine and 440 Ibs. copperas, per million 
gallons (10.5 p.p.m. Fe) at a chemical cost of $5.40 per million gallons 
treated. A portable experimental chemical plant designed by Hendon 
to test the stronger sewages of the Birmingham District showed a re- 
moval of approximately 95 per cent, in suspended solids and B.O.D., 
with little increase in chemical doses over those required at the Shades 
Valley plant. 

The Guggenheim process, as now being promoted, differs from the 
process demonstrated in New York City and tested at the North Side 
Works of the Sanitary District at Chicago. The process now offered has 
been simplified by omission of the zeolite filtration of the clarifier effluent, 
omission of ammonia recovery and omission of regeneration of the iron. 
Two plants of 3.0 m.g.d. capacity each are proposed for Raleigh, North 
Carolina. A guarantee to the city calls for 80 per cent average removal 


of both suspended solids and B.O.D. 
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An unusual type of treatment is that incorporated in the 1.0 m.g.d. 
plant now under construction for the Incorporated Village of Great 
Neck, Long Island, expected to be placed in operation in the summer 
of 1935. Sereened sewage will be dosed with lime, or lime and chlorine. 
Provision is made for later use of ferric salts if found desirable. The 
clarified sewage from settling tanks will be handled by two vacuum 
filters using paper pulp as a filter medium after the manner of Rock- 
ville Center, described in the last report of this Committee.** The filter 
effluent will be chlorinated. As at Rockville Center, the pulp cake from 
the ‘‘clarifier’’ filters will be repulped, washed and reused, with the 
washings returned to the settling tanks. A third vacuum filter is pro- 
vided to dewater allesettling tank sludge after conditioning with lime, 
or lime and paper pulp. Sludge cake from the third filter will be in- 
cinerated or used for fill. 

At Winston Salem, North Carolina, studies are under way involving 
larger applications of lime as the precipitant and recarbonation .and 
secondary settling of the first-stage effluent to increase removals of or- 
eanic colloids. The plan is to economize on chemical cost by dewater- 
ing and incineration of all sludge with recovery of lime. 

At Waco, Texas, an air blowing scheme, involving contact surfaces 
in an aerating channel, with one hour aeration, is being tried in con- 
junction with iron coagulants in moderate dosages, to agglomerate the 
light and finely divided organic floe particles produced in the decolloid- 
izing operation. Economy in chemicals and power is sought in the 
combination process, which appears to produce a high degree of purifi- 
cation with minimum variation in chemical requirement and costs. 

Vacuum Filters for Sludge Dewatering—At Hagerstown the opera- 
tions of vacuum filters for dewatering mixed activated, fresh solids and 
screenings, subsequent to changes made in sludge conditioning were re- 
ported by Donaldson.** Substitution of two mixers operated in series 
for ferric chloride and lime, in the order named, resulted in raising the 
filter yield from 0.65 to 1.97 lbs./sq.ft./hr. of dry sewage solids. Sludge 
conditioning chemicals during this period averaged 9.4 per cent CaO 
and 9.9 per cent FeCl, on the dry solids basis. Hagerstown now uses 
anhydrous ferric chloride for sludge conditioning, having earlier em- 
ployed lump ferrie chloride and later ready prepared solution shipped 
in carboys. 

The results of extensive vacuum filter tests at Cleveland, Ohio, have 
been reported by Jones.*° The average yield from Imhoff sludge con- 
ditioned with 8.5 per cent ferric chloride was 5.7 lbs./sq.ft./hr.; sepa- 
rate digested sludge conditioned with 7.7 to 8.7 per cent ferric chloride 
gave an average yield from 7.5 (July and August) to 5.0 (November) 


‘ 


lbs./sq.ft./hr. The author concludes ‘‘at least 8.0 per cent of ferric 
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chloride will be required to produce an output of between 4 and 5 pounds 
per square foot of filtering area per hour on a year round basis.’’ 

A valuable comparison of the costs of sludge disposal by digestion 
and sand beds versus vacuum filter was made by Ferguson, Wisely, 
Greeley and Velzey.* Their conclusions, based on the study of six 
Illinois plants, were that mechanical dewatering of sludge was less eco- 
nomical than digestion and sand-bed drying for plants serving a popu- 
lation under 50,000, whereas the two methods compared favorably for 
populations of 100,000 or over. 

Keefer *° in a similar comparison relating to Baltimore conditions, 
where both methods have been subjected to careful investigation, found 
that vacuum filtration of digested sludge was superior to the older 
methods. He gives the cost per ton of dry solids by air drying at $6.13, 
compared with $4.50 for vacuum filtering of unelutriated sludges; and 
$3.30 with elutriation. A more extensive discussion of this work is 
given by Keefer and Kratz.*° 

Heat Drying and Incineration of Sludge—The Sanitary District of 
Chicago has continued the large-scale experiments on drying and in- 
cinerating sludge, referred to in last year’s report of this Committee. 
In 1934 a new type of dryer and incinerator was operated at the West 
Side Works.** The new dryer consists of two-stage pulverizing mills 
(recently changed to a single stage), through which sludge cake is 
passed, together with heated air from heat-exchangers in the furnace. 
The dried sludge is separated from vapors and gases in cyclones, from 
which the solids are removed and burned as pulverized fuel. All vapors 
and gases are passed through the hottest zone of the furnace, thus elimi- 
nating odors, and the heat is recovered in heat exchanges. A small 
amount of coal is burned as auxiliary fuel. The final product is an 
inorgani¢ ash. 

The process has been adopted for disposal of sludge at the new Calu- 
met Treatment Works of the Sanitary District, with provision for drying 
and incinerating 40 tons of sludge (dry basis) per day. 

At Dearborn, Michigan, a Nicholas-Herreshoff dryer and incinerator, 
installed late in 1934, for final disposal of the sludge cake from vacuum 
filters, previously disposed of by dumping, is now in operation. No 
results have been published covering the brief period of service to date. 

Designs for the two plants at Raleigh, North Carolina, include a 
combination dryer and incinerator for the vacuum filter cake. 

The spray dryer installation at Plainfield referred to in last year’s 
report of this Committee, and described by Downes’ has for several 
months been in regular service. Operating results and costs are not 
yet available. 
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inds STREAM POLLUTION 
tion The Illinois River is probably unique in the extent and intensity of 
ely. the studies that have been made of its pollution and self-purification. 
oe Pearse * presents a valuable summary of this long series of studies, a 
apn summary containing much material of general and fundamental value 
pu in addition to its local interest. Since the beginning of the Chicago 
for diversion projects the river has shown progressive deterioration both in 
the intensity of the effects and in the distance to which they could be 
ions. traced. In 1905 evidence of the effect of the drainage canal was meas- 
und urable as far as 150 miles below. Since 1926 when the program of 
Ider remedial treatment was begun there has been a continuous improvement 
;13. in river conditions although lessened and partially masked by the de- 
and crease in the lake diversion. 
k is Reaeration has been studied under various conditions. Data given 
show the results of a single exposure over a dam at Marseilles where there 
+ of is an average improvement of 2.85 p.p.m. and a maximum (summer- 
in- time) improvement of 4.3 p.p.m. of dissolved oxygen. It has appeared 
tee. to the reviewer that during the long controversy over this situation too 
Vest little attention has been paid to the possibilities suggested by this single 
nills series of observations. A rough computation indicates that the amount 
» of oxygen made available by the dam at Marseilles is from 3 to 5 times 
00. that initially available in the form of the dilution water from Lake 
rom Michigan. The author points out however that the lengthened time of 
ors passage resulting from decreasing lake diversion results in a foreshort- 
Seial ening and apparent concentration of the effects. 
nail The real problem has been to finance a tremendous sewage treatment 
an program, sufficient to provide a safe balance with available dilution re- 
sources, Which have been greatly reduced by order of the Supreme Court. 
alu- In this connection, but from a somewhat broader viewpoint of con- 
‘ing servation of all stream resources, Streeter *° has admirably summarized 
our present situation with regard to ‘‘Tendencies of Standards of River 
tor, and Lake Cleanliness.’’ His report is so condensed that an adequate 
um review would necessarily encompass the entire paper. The tendency 
No noted in each of his subdivisions, nuisance prevention, fish life, water 
ate. supplies, swimming pools and bathing beaches, and shell fish areas are 
adi in the direction of lower limitations of permissible pollution and the 
search for a more rational basis of experimental facts upon which to 
ar’s construct an acceptable standard. His illustrative cases range from 
ral that most unscientific of our so-called standards, those relating to bath- 
not ing places, with a 30-fold range among various proposals, to the carefully 


formulated standards of permissible loading on water filters, based upon 
such satisfactory experimental work as to justify their acceptance with 
every confidence. 
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The late Professor William T. Sedgwick was fond of describing stand- 
ards in sanitation as ‘‘devices to save lazy minds the trouble of think- 
ing,’’ which well describes the situation of his day, when a standard 
was generally no better than a pure guess by one worker easily seized 
upon, quoted and requoted by others until it assumed the semblance of 
authority. Something of this same method still remains in certain 
fields of modern sanitation but with the development of standards com- 
mittees in our great national organizations and the consequent critical 
diseussion of current methods, together with the accumulation of scien- 
tifie data upon which to base these discussions and a formulation of a 
joint opinion, standards in the true sense of general agreement of opin- 
ion by expert and experienced technicians, are assuming an increasingly 
important role. 

Warrick “? discusses the important question of a common yardstick 
with which to compare the injurious effects of various industrial wastes 
upon streams. Obviously this measure must be in terms of the use of 
the stream and of the character of the possible nuisance resulting from 
its pollution. Thus the wastes of a chemical plant containing phenol 
might have an ‘‘equivalent population’’ value negligibly small if ex- 
pressed in terms of B.O.D., much higher if in terms of specific toxicity 
to fish, and still higher in terms of phenol as affecting the water supply 
of a downstream community. 


s 


This point of view is emphasized in more detail by Hubbs * with 
reference to fish life and by Soper in the discussion of a paper by 
Phelps ** on the pollution of New York Harbor. The general rule is 
self-evident but perhaps needs to be definitely formulated. Any given 
waste or resultant condition of pollution is equivalent to any other only 
as regards that characteristic which is inherent in the yardstick or test 
by which they are compared. 

Notwithstanding this limitation it is becoming increasingly frequent 


and helpful to convert industrial wastes to their ‘‘equivalent popula- 
tions’’ on the basis of the B.O.D. test, equivalence in this case referring, 
by the rule just stated, only as to de-oxygenation of the stream. War- 
rick gives a short list of such values in various types of pulp and paper 


84 


mills and of milk handling depots. Calvert ** reports the results of a 
similar study, of brief duration but apparently carefully done, includ- 
ing a laundry, creamery, dairy, canning plant, starch factory, five 
slaughter houses, a paper board mill and a garbage reduction plant, all 
at Indianapolis. The value of such a study in sewage works design, as 
well as in stream pollution prevention, is well indicated in the author’s 
data. The B.O.D. of the city sewage indicated a population of 587,000 
in 1933, against an actual connected population of 341,000. The ‘‘equiv- 
alent populations’’ of the major wastes investigated totalled 268,000, 
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making the combined effective population at the plant 609,000 which is 
within 4 per cent of the measured value. 

It is of significance to note in this connection also that the industrial 
wastes of Indianapolis contribute about 44 per cent of the B.O.D. to be 
treated in the disposal plant. Pearse“ finds a similar figure (43%) 
for the proportionate contribution of the industrial wastes of the Chi- 
cago Sanitary District and some recent (as yet unpublished) data re- 
ported by Gould indicate an excess of about the same order in the ap- 
parent contributing population in the New York Harbor area. 

In a paper read before the New York State Sewage Works Associa- 
tion Phelps ** has summarized the various studies of the pollution of 
New York Harbor and adjacent waters since 1910. He deals primarily 
with the problem of formulating the quantitative aspects of residual 
dissolved oxygen as affected by the inter-related factors of existing pol- 
lution, tidal circulation, influx of aerated waters from the sea, sound and 
river, and reaeration. A formulation made in 1910 based upon mean 
annual conditions was in sufficient agreement with the experimental 
observations of the next few years to justify the general method em- 
ployed and encourage further attempts at refinement. A more complete 
formula includes the variable flow of the Hudson developed in 1933, is 
in much better agreement with the data of the present 23-year record 
and deseribes the annual fluctuations about the mean trend. There seems 
to be a still further systematie source of error in that the errors of the 
formula from the experimental observations now appear to have a cyclic 
tendency with something like a 23-year period. The possibility of a 
major tidal period of about this length is suggested. 

Streeter ** has made a further contribution in the field of the mathe- 
matical analysis of bacteriological phenomena, to which he has given 
such serious thought during past years. It is one of the outstanding 
advantages of the work at the Cincinnati station that its continuation 
from year to year, in ever widening circles of interest, has led to the 
accumulation of a mass of homogeneous data in which it is becoming 
more and more profitable to search for generalizations. The present 
paper is a research (literally), of this sort. 

It has been observed that bacterial death rates, measured from sta- 
tion to station along the Ohio River, parallel the corresponding rates 
obtained by incubation of the same waters in the laboratory under low 
temperature conditions, but during the summer months there are dis- 
erepancies of such an order as definitely to suggest an undiscovered 
variable. The author attributes this to the results of sedimentation, 
Which is most active during the warm, low-water periods. Having avail- 
able the recorded data upon the turbidity of these waters at various 
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stations he has undertaken to correct the bacteriological data upoi the 
assumption that the effect of sedimentation on the bacteria is measured 
quantitatively by its effect upon turbidity. This correction brings the 
bacterial findings into much closer harmony with the laboratory data 
and the author concludes that the residual discrepancies ‘‘appear to 
have been due largely to the effect of progressive changes in suspended 
matter resulting from sedimentation. ”’ 

Streeter likewise reviews and extends his earlier work on the com 
posite logarithmic death rate curve which, rather than the simple classi 
eal curve of Chick, seemed best to picture the situation in a stream with 
mixed flora. Finally he demonstrates and applies a correction term to 
cover the initial increase in numbers commonly observed in polluted 
streams and heretofore rather embarrassing and hence generally over- 
looked by the mathematically-minded biologist. The correction term 
derived is again in harmony with certain recorded facts on the growth of 
bacteria but, what appears to be of more fundamental significance, the 
resulting equation now assumes a form identical with that known in 
mechanics as the damped, aperiodic wave. The author points out that 
this is the more striking in that the earlier data of Butterfield and Purdy 
(see this review for 1933), with mixtures of pure cultures of bacteria 
and protozoa, gave curves closely simulating periodic damped waves. He 
believes the single-crested, aperiodic wave, represents the more rapid 
and complete adjustment to a new set of conditions, possible only in the 
mixed fauna and flora of the stream, whereas two pure cultures, one 
depending upon the other for food, necessarily approach equilibrium by 
a series of diminishing oscillations. 

Applying his deductions to the practical matter of determination of 
the B.O.D. in the laboratory the author makes two postulates, namely : 

(1) The rate of change in B.O.D. is proportional to the generation 
rate of the bacteria; 

(2) This generation rate is roughly proportional to the total number 
of bacteria present, as determined by the plate count. 

From (1) it follows that the total reduction in'B.O.D. during any 
time interval is proportional to the number of bacteria generated in that 
interval and from (2) this number will be proportional to the summa- 
tion of the varying bacterial count through the same interval. It is un- 
necessary, however, to perform this integration as Streeter does to arrive 
at the conclusion that, in the presence of a bacterial population decreas- 
ing logarithmically, the well-known logarithmic decrease in the concen- 
tration of B.O.D. will follow. One may however question whether this 
agreement justifies the postulates. 

The first of these is satisfactorily based upon the earlier work of the 
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Cincinnati group but the second seems to the reviewer to be inconsistent 
with that work. A constant population level, for example, is quite com- 
patible with a very low rate of generation, as was found to be the case 
when such populations had reached their self-imposed upper limit and it 
is equally compatible with a very rapid rate of generation in the presence 
of a high death rate due to the activity of the protozoa. 

This conclusion seems to have been arrived at by the author by other 
reasoning, for he finds that when he applies this technique to the earlier 
stages of the incubation period, during which bacterial multiplication is 
active, the agreement between the well-known laboratory curve of B.O.D. 
reduction and his mathematical curve is unsatisfactory. He is inclined 
to ascribe the discrepancy to an error in postulate ** but it is more 
readily traced to the lack of agreement which we have reason to believe 
exists between present bacterial population and rate of generation. 

Publie interest in the control of stream pollution was at a high level 
in 1934 as evidenced by discussions in the daily press and in technical 
journals.S® Interest was heightened by the report of the National Re- 
sources Board to the President, Part III of which contains reeommenda- 
tions on water planning for dealing with the problem.** 

An important source of stream pollution affecting many water sup- 
plies was attacked during the year, using C.W.A. funds to seal abandoned 
coal mines. Unfortunately the funds were cut off at the end of ninety 
days before the problem was adequately handled. The progress made is 
outlined by Tisdale,“* who shows that 25 per cent of the abandoned 
mines in West Virginia were sealed, 10 per cent in Pennsylvania, and 
2 per cent in Ohio. In West Virginia enough work was done to improve 
the conditions of some streams so that cattle again drink from them, fish 
life increases and water purification plant operators report the pH of 
the river water approaches the neutral point in some streams. 

Experimental work carried on by Moon and Hamilton in cooperation 
with the Bureau of Fisheries seems to justify the conclusion that fresh 
water mussels are of no value in the destruction of bacteria in water.*® 

These conclusions are not identical with those drawn by English 
workers on purification of salt water mussels (reported by Dodson, His 
Majesty’s Stationery Office), who reported that mussels placed in tanks 
of contaminated sea water effected a bacteriological betterment both of 
the water and of the mussels, due apparently to the digestion of bacteria 
by the shellfish and to the entanglement of bacteria in the slime of 
psendo-feces. The results of unpublished experiments by Fisher with 
sea water soft clams tends to confirm the English conclusions. 
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MEASUREMENT OF INTENSITY AND CONCENTRATION 
OF ODORS ASSOCIATED WITH SEWAGE 
TREATMENT PROCESSES 


3y GorRDON M. FAIR AND EDWARD W. MOORE 


Associate Professor of Sanitary Enginecring and Instructor in Sanitary Chemisiry, 
Harvard Graduate School of Engineering, Cambridge, Massachusetts 


The great sanitary awakening which swept England early in the nine- 
teenth century and spread thence over the civilized world was, in many 
ways, an awakening of the esthetic senses of man—notably of his sense 
of smell. The developments of sewerage systems, safe sewage disposal 


and adequate sewage treatment, which were part of this important sani- 


tary movement, were actuated in no small degree by an aroused olfac- 


tory consciousness. In the middle of the past century, we are told, 
improper sewerage had so polluted the Thames River that a distinguished 
India 


sé 


foreign visitor commented that the ery of the day seemed to be 
is in revolt and the Thames stinks.’’ It is hard to tell which circum- 
stance was more disturbing to the British public, the mutiny in provinces 
far beyond the seas or the odors arising from the once proud stream 
washing the shores of the Houses of Parliament. Here frightened leg- 
islators resorted to the use of curtains saturated with chloride of lime 
to mask the stenches wafted into the parliamentary chambers from the 
river, and travellers went far out of their way to avoid passing over the 
bridges spanning the fetid floods of the lower Thames. 

The early days of sewerage in America present strikingly similar 
situations. To verify them, we may turn to one of the Annual Reports 
of the Board of Health of Boston as quoted by Eliot C. Clark? in his 
classic description of the Main Drainage Works of the City of Boston 
(1885). 

Complaints of bad odors have been made more frequently during the past year 
than ever before. They come from nearly all parts of the city, but especially and 
seriously from the South and West Ends. 

Large territories have been at onee, and frequently, enveloped in an atmos- 
phere of stench so strong as to arouse the sleeping, terrify the weak, and nauseate 
and exasperate everybody. It has been noticed more in the evening and by night 
than during the day; although there is no time in the whole day when it may not 
come. It visits the rich and the poor alike. It fills the sick chamber and the office. 
Distance seems to lend but little protection. It travels in a belt half-way across the 
city, and at that distance seems to have lost none of its potency, and, although its 
source is miles away, you feel sure it is directly at your feet... . 

The sewers and the sewage flats in and about the city furnish nine-tenths of all 
the stenches complained of. They are much worse each succeeding year; they will be 
much worse next year than this. The accumulation of sewage upon the flats and 
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about the city has been, and is, rapidly increasing, until there is not probably a foot 
of mud in the river, in the basins, in the docks, or elsewhere in close proximity to 


the city, that is not fouled with sewage. 


This vivid word picture of early conditions in Boston—similar situa- 
tions arising subsequently in other populated areas—foreces us to ree- 
ognize the control of odors as one of the motivating forces of sewerage 
and may help us to understand the opprobrium which men attach by 
inheritance to regions in which sewage disposal works are situated, even 
though modern works ean be operated in such a way that they do not 
ereate an aérial odor nuisance. In the words of Watson,? ‘‘It would 
be a Herculean task to convince the public that a works for sewage treat- 
ment can be other than a nuisance, and to obtain without opposition an 
acceptable site for a great works near a town is almost unthinkable.’’ 

Objection to odors associated with decomposition or decay is a deep- 
seated protective mechanism of man which has its roots in the primary 
function of his sense of smell to protect him against unfavorable environ- 
mental substances, especially against harmful foods. It is true also 
that only a few decades ago medical practitioners held that the spread 
of certain infectious diseases was traceable to miasmas arising from de- 
caying matter. This ghost which frightened our forefathers has not 
been laid in spite of the pronouncements of science based on the germ 
theory of disease. We know that infectious disease is not carried on 
the wind and that most sewage odors, with exception of the odors of 
certain poisonous gases, such as hydrogen sulphide, are not associated 
with harm. Yet our objection to sewage odors remains unsuppressed, 
and it may be true that our physiological aversion to them may be re- 
flected in a lowered health tone when we are exposed to them for pro- 
tracted periods of time and in high concentration. Bad odors must, 
therefore, be classed as nuisances and it behooves the designer and man- 
ager of sewage disposal works to become more familiar than he has been 
in the past with the sources of sewage odors, and particularly to inquire 
into the physical magnitudes involved in odor nuisances. These mag- 
nitudes have gone unrecognized because we have not had at hand a 
means for measuring the intensities or concentrations of odors generated 
in sewage treatment and disposal. 

Kor some time the problem of odor measurement has occupied the 
attention of the Laboratory of Sanitary Engineering at Harvard, and 
it is the purpose of this paper to present certain measurements of odor 
intensities emanating from sewage treatment processes and to describe 
briefly the apparatus and procedures developed to make these measure- 
ments possible. 
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PHYSICAL AND PHYSIOLOGICAL FACTORS 


In view of the nature of the subject it may be well to consider first 
as briefly as possible some of the physical and physiological factors in- 
volved. 

Odors, unlike light and sound, are not radiant in character and do 
not disperse from a given center in all directions. They are sensed as 
material particles that are carried into the nasal chamber and may be 
transported on the wind for many miles in a definite direction. The 
sense of smell is so acute in detecting the presence of odor particles that 
ordinary physical and chemical methods of analysis at our disposal will 
not record the magnitudes of many odorous substances sensed. Until 
more sensitive physical or chemical methods of analysis are available, 
the human nose must therefore continue to be relied upon to detect the 
presence of most odors. As we shall see later, it is possible, however, to 
aid the nose in determining, or at least circumscribing, the intensities of 
the odors observed. 

The smallest amount of an odorous substance sensed by the human 
nose is called the ‘‘threshold value’’ of the odor. Expressed in grams 
of odorous substance per milliliter of air this threshold value is called 
an ‘‘olfaety.’’ The smallest distinguishable difference in odor strength 
is designated the ‘‘threshold difference.’’ Use of this term is some- 
what misleading, since experience indicates that the magnitude of this 
difference changes with the coneentration of the odorous substance ;— 
in fact that it is proportional to the concentration. Hence, ‘‘threshold 


’ would be a better term. According to this observation, the sense 


ratio’ 
of smell, like the other human senses, apparently obeys the Weber- 


Fechner law. This law, enunciated in part one hundred years ago, states 





that constant fractional increments in stimulus are required to produce 









equal increases in sensation, the assumption being that perceptible dif- 






ferences in sensation are equal amounts of sensation. 






The threshold ratio of odor sensation appears to vary for different 





substances and may vary for different observers as well. Ratios of 
1.24: 1 to 1.62:1 are reported in the literature, but the subject has not 
been adequately studied to fix definite limits or values. As a first ap- 








proximation readily attained by observers, the senior author * has previ- 





ously suggested working with a ratio of 2:1. This implies that one 






should be able to distinguish between successive odor concentrations that 






are progressively twice as great as the preceding one. 






MEASUREMENT OF Opor INTENSITIES 






All methods of odor-intensity measurement so far proposed are based 
the principle of diluting the odor, directly or indirectly, with an 
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odorless fluid until the threshold value is reached. An odor in the 
gaseous or vaporous state, for example, would be diluted with odor-free 

% air until the odor is just perceptible. The concentration of the undi- 

in- luted odor may then be expressed in terms of the ratio of the volume of 
undiluted sample to the volume of the diluted sample. If, for example, 

° this ratio is found to be 1:8, we may report the odor concentration as 

Ni 8 times the threshold value or as 8 olfacties.* In doing so we must rec- 

his ognize, however, that unless we know the composition of the odorous 

vat substance, we cannot state how many grams of substance are present in 

il] one milliliter of air. Such knowledge is really implied when odor ¢on- 

til centrations are expressed in terms of olfacties. This attempt at physi- 

le, eal quantitation of odor concentrations reflects only indirectly the physio- 
he logical response to odors of different concentration. Expressed in 
to physical units, for example, the difference in intensity of an odor of 
of 128 olfacties when compared with an odor of 64 olfacties would appear 

to be very much greater than the difference in intensity of an odor of 2 
an olfacties compared with an odor of 1 olfaecty. Yet, in the light of the 
ms Weber-Fechner law, the difference in physiological response to each pair 
ed of odors would be essentially the same. 

th In order to stress the physiological basis of odor measurement the 

1e- senior author * has suggested the use of a geometric, or ratio, scale based 

11s ona threshold ratio of 2:1 and related to the olfacty seale as follows: 

ld Odor concentration in olfacties: 1 2 4 8 16 32 64 128 ete. 

se Odor intensity in pO values: ak 2S) 4A OF 6 1 ete, 

ee: The physiological odor values are preceded by the symbol pO because 
if they represent the power to which the threshold ratio of 2:1 must be 

. raised to obtain the odor concentration in terms of olfacties. Thus 
pO 7--2'—128. It should be noted in connection with the preceding 

at discussion that odor concentrations of 128 and 64 olfacties differ in pO 

if value by one unit (7-6) just as odor concentrations of 2 and 1 olfacties 
of differ in pO value by one unit (2-1). In a general way therefore the 

mi olfacty scale may be said to measure concentration of odorous substance, 

i the pO seale intensity of odor or degree of odor response. The mathe- 

- matical relation between odor power, or pO, values and olfacties may be 

at expressed as follows: 


log (olfacty) = 0.301 (pO value) 
pO value 3.32 log (olfacty) 


’ 


Spaulding + has used the term ‘‘threshold number’? instead. 
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THE OSMOSCOPE OR ODOR OBSERVER 


Measurement of the intensity or concentration of odors in the gaseous 
or vaporous state may be accomplished most directly by the air-dilution 
method, 7.¢., by diluting the odor-containing atmosphere with odor-tree 
air, until the threshold value is reached. Developmental forms of the 
instruments employed by the authors for this purpose have been de- 
scribed previously in publications *:*° from their laboratory. In order 
to make the present paper more complete in itself the two instruments 
now in use in the laboratory are shown in Figures 1 and 2. 

Figure 1 illustrates the twin-sphere osmoscope. This is essentially 
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a spherical gas burette, which permits progressive air-dilutions of the 
odor drawn into the instrument by operating a four-way cock and tilting 
the frame in which the spheres are suspended. Dilution is carried on 
in steps. Suecessive dilutions stand in a ratio of 2:1, and the number 
of dilutions recorded thus equals the pO value. The odor is observed 
through a glass nose-piece that is fitted onto the instrument. Mercury 
is employed as the displacing liquid. Disadvantages of the apparatus 
are the relatively large surface of glass and mereury in contact with the 
odorous atmosphere, and the fatiguing requirement of observing odors 
of relatively high intensity before the threshold dilution is reached. The 
chief advantage is the unlimited range of dilutions that can be carried 
out by means of this instrument. 

Figure 2 outlines the telescoping osmoseope in which two tubes, slid- 
ing over a third, open or close ports or orifices through which varying 
mixtures of odor and odor-free air are drawn into the observer’s nose 


by light sniffing. The instrument shown has a dilution range of 1:2 to 
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1: 64, 7.e., pO 1 to pO 6. This limitation in range of dilutions is a dis- 

advantage of the instrument, but it can often be overcome by combin- 

ing the air-dilution method with the water-dilution method. In the 

latter, the odor-containing liquid is diluted with odor-free water until 

the threshold value is reached. If the pO value exceeds 6 but is less 

than 12, one volume of the liquid should be diluted with 63 volumes of 
Adjustable 
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Fic. 2.—Telescoping osmoscope. 


odor-free water before the osmoseope is used. If the pO value lies be- 
tween 13 and 18 a second water dilution of 1:64 should be performed, 
etc. Odor-free water may be prepared by boiling distilled water or 
treating distilled or tap water with activated carbon. The chief advan- 
tage of the telescoping osmoscope is the possibility to proceed directly 
to the threshold dilution and avoid fatigue of the olfactory nerves. Also 
manipulation is simple and more rapid than with the twin-sphere osmo- 
scope, and the individual dilutions can be observed as often as desired 
Without interfering with the normal test procedure. 
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SOME OBSERVED Opor INTENSITIES OR CONCENTRATIONS 


During the past year the opportunity has presented itself to mess- 
ure the intensities or concentrations of odors associated with certiin 
sewage treatment processes. While the major study has been confined to 
odors of sludge gases evolved during the bateh digestion in the labora- 
tory of sewage solids at different temperatures, there have been obtained 
also certain figures of the odor-producing potentiality of other treatment 
processes in existing plants. Some of these values have been published 
before ° but are repeated to permit comparisons. 

Odor of Fresh and Stale Sewage—In order to observe the effect of 
age on the odor intensity of sewage, a two-gallon sample was collected 
from a sewer draining a residential district. About half of this sample 
was permitted to remain in the two-gallon glass-stoppered bottle (Sample 
A). The remainder was employed to fill glass-stoppered bottles of about 
250 ml. capacity (Sample B). All samples were kept at room tempera 
ture. At intervals, generally of about a day, the odor intensities of 
Sample A and of Sample B were determined. For this purpose Sample 
A was thoroughly shaken before the air overlying the sewage was 
drawn into the twin-sphere osmoscope for observation; subsequently 
one of the B samples was transferred to a stoppered bottle about three 
times larger than the sewage volume and thoroughly shaken before the 
air in contact with the sewage was drawn into the twin-sphere osmoscope 


for measurement of odor intensity. The results presented in Table | 


TABLE I.—Odor of Fresh and Stale Sewage 


Odor Intensity—pO Value Odor Concentration—Olfacties* 
Age of Sewage 
Hours 
Sample A Samples B Sample A Samples B 
0 6 6 64 64 
19 6 6 64 64 
43 7 7 130 130 
71 8 8 260 260 
95 8 8 260 260 
120 8 9 260 510 
144 9g 10 510 1000 
168 8 10 260 1000 
219 8 9 260 510 
243 7 10 130 L000 
267 7 10 130 1000 
293 7 10 130 1000 
309 8 1] 260 2000 


* These values may vary by +25 per cent. 
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show, therefore, the change in odor intensity of more or less aerated 
and of unaerated sewage. The odor values for Sample A represent the 
accumulation of odors during the interval between samplings (about 
one day) ; the values for Samples B represent the accumulation of odors 
from the beginning of the test. 

Jones? has deseribed the odor of fresh sewage as ‘‘a smell combin- 
ing that of dish-water, soap suds, gasoline, body wastes, flavored with 
occasional characteristic smells from industry.’’ This is a description 
of odor which in its imagery appears to rival that of Mrs. Cratchit’s 
plum pudding in Dickens’ ‘‘Christmas Carol.’’* The quality of the 
odor of the freshly-collected sewage fitted Jones’ description admirably. 
As time wore on, however, the dominant odor became that of hydrogen 
sulphide. Sample A retained a small amount of dissolved oxygen, 
while Samples B became truly septic. The sludge which settled from 
Sample A became black and left a clear supernatant liquid. Samples 
B retained their gray hue. So far as the conditions of test permit gen- 
eralization, it will be noted that the more-or-less aerated sample doubled 
its odor concentration about every forty hours for approximately three 
davs when four times the original value was attained, after which the 
odor remained at substantially the same magnitude for a week before 
decreasing by 50 per cent towards the end of the test. Samples B con- 
tinued to double their odor concentration about every forty hours for 
approximately six days, the general maximum odor intensity (pO 10) 
observed after this time corresponding to an odor concentration of 1000 
olfacties. All of the odor values observed were sufficiently strong to be 
called objectionable. 

Odor Survey of an Activated-Sludge Plant.—The results of an odor 
survey of a diffused-air activated-sludge plant are presented in Table IT. 

Tas ie IT.—Odor Survey of an Activated Sludge Plant 


Dilutiont Required 


Source of Odor ll Olfactiest to Reduce Odor to 
a Disappearance 
Raw Sewage 5 32 64 
Effluent of Aérated Skimming Tank 4 16 | 32 
Effluent of Primary Settling Tank 5 32 64 
Effluent of Activated Sludge Tank 3 8 16 
Effluent of Final Settling Tank 3 8 16 
Sereenings 5 32 64 
Return Activated Sludge 1 2 4 
‘*The pudding was out of the copper. A smell like a washing day! That 


was the cloth. A smell like an eating-house and a pastry-cook’s next door to each 
other, with a laundress next door to that! That was the pudding.’’ 

} These values may vary by +25 per cent, and it is assumed that one dilution be- 
yond the threshold dilution will cause the odor to become non-detectable. 
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In each case the odor was observed by shaking a sample of the mate: 


in a stoppered container and observing the odor of the supernatiut 
atmosphere by means of the telescoping osmoscope. The values obtained 
reflect the odor-producing capacity of the process or the potential po 


lution of the atmosphere. This method of measurement appeared to be 
a more logical approach to the problem than determination of the odor 
actually present in the atmosphere overlying the plant, which depends 
so greatly on prevailing atmospheric conditions. A quantitative study 
of the effects of different atmospheric conditions should, however, be 
made to complete the picture. 

The odor values observed at the activated sludge plant under con- 
sideration are not very high. The incoming sewage was quite fresh 
The odor intensity of the screenings equalled that of the flowing sewage 
The aerated skimming tank destroyed or swept out about half of the 
odor of the entering sewage. New odors were generated, however, dur- 
ing primary sedimentation. Three-fourths of these were removed in 
the activation units. Final settling did not increase the odor of the 
applied sewage. The plant itself is not considered a nuisance in the 
vicinity. An odor with pO value of 5—the maximum observed—is sufii- 
ciently intense, however, to force itself upon the observer’s attention 
when the nose is brought close to the sample. 

As to the quality of the odors, it was typical of sewage, except that 
of activated sludge. The latter had a pleasant earthy odor of low in- 
tensity. Parenthetically, a suggestion of studying the odor test in con- 
nection with other indications of the condition of activated sludge pre- 
sents itself. 

Odor Survey of a Trickling-Filter Plant.—As shown in Table IIT, an 
odor survey of a trickling-filter plant yielded values very similar to 
those obtained for the corresponding stages of the activated-sludge plant. 
Sedimentation, however, reduced the odor instead of increasing it. This 


TABLE III.—Odor Survey of a Trickling-Filter Plant 





Dilution* Required 


O 
Source of Odor P Olfacties* | to Reduce Odor to 
Value : 
Disappearance 
Raw Sewage 5 32 64 
Effluent of Primary Settling Tank 4 16 32 
Effluent of Trickling Filters 3 8 16 
Effluent of Final Settling Tank 3 8 16 
Raw Primary Sludge 4 16 32 





* These values may vary by +25 per cent, and it is assumed that one dilution beyond 
the threshold dilution will cause the odor to become non-detectable. 
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may be due to the fact that the basins in question are drawn down and 
thoroughly cleaned onee in two weeks whereas the tanks at the acti- 
vated sludge plant are provided with mechanical scrapers and remain 
in continuous operation. Passage through the trickling filter cut the 
cdor concentration of the applied sewage in half, and there was no rise 
in concentration in the final settling tank. The odor intensity of the 
raw sludge equalled that of the flowing sewage. Odors of raw sewage 
prevailed as far as the trickling filter. The filter effluent, however, had 
an earthy or humus-like odor. 

Attached to the plant under consideration are a number of inter- 
mittent sand filters that receive the overflow from the primary settling 
tanks. The effluent from one of these beds that had been heavily over- 
loaded during the preceding winter showed an odor greater than pO 6 
in intensity. Some hydrogen sulphide was present. It is evident that 
the bed had lost its oxidizing power. The surveys of the plants were 
made in the early spring. 

Odors of Sludge Gases.—The results of measurements of odor inten- 
sities of sludge gases are summarized in Table [V. In view of the wide 
range of intensities encountered, the twin-sphere osmoscope was em- 
ployed in evaluating these intensities, and measurements are subject to 
the errors of this instrument. 

Gas samples were analyzed during the progress of digestion, the de- 
gree of digestion accomplished at the time of observation being ex- 
pressed in terms of per cent completion of gasification. The sludges 
studied were produced by plain sedimentation and were seeded with the 
residues of previous digestions of sludges at the same temperatures. 
Hence the conditions recorded are presumably characteristic of normal 
digestion at the temperatures in question. Information on odors gen- 
erated during thermophilic digestion is not as complete as for the lower 
temperatures because digestion in the thermophilic range was well ad- 
vanced before the decision was reached to make odor measurements on 
the sludge gases. 

Inspection of Table IV shows a wide variation in odor intensities. 
The pO values range from 2 to 38; the corresponding olfacties from 4 
to 2.8 < 10". We shall note first of all a general tendeney for odor 
intensities to increase with temperature. This becomes more evident 
when the weighted average intensity of the odor is ascertained. Values 
of this weighted average are given at the bottom of the table on the basis 
of carrying digestion, as measured by gasification, to 90 per cent com- 
pletion. These weighted averages may, furthermore, be considered to 
represent the odor intensity that might be expected to obtain with con- 


tinuous digestion. The trend towards higher odor values is shown graph- 
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ically in Figure 3 and may be described approximately by the following 


equations : 


0, - 0 
P@2—1.047(%—t) or Jog P= — 0,020 (t, —t,) 
po, DW; 5 

0, ia ot 0, a 
P=2 —1.026(7—T) or log 2?-?—0.11 (T,—T,) 
po, 1 
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Fig. 3.—Weighted average intensity and concentration of odors of sludge gases 
bod ad . 5 5 


evolved during the digestion of sewage solids at different temperatures. 


The subseripts 1 and 2 refer to two different temperatures of incubation, 
and ¢ and 7 are respectively the temperatures expressed in degrees cen- 
tigrade and Fahrenheit. The limits of these equational generalizations 
are those of the experiments. The weighted average odor intensities 
range from pO 4.1 at 15° C. (59° F.) to pO 24.6 at 60° C. (140° F.) ; 
the corresponding odor concentrations range from 17 to 2.5 *& 10° olfae- 
ties. The great increase in odor-producing power in the thermophilic 
range was observed by Rudolfs* in his first experiments on high-tem- 
perature digestion and led him to conclude that it constituted an almost 
insuperable handicap of the process. Rudolfs, however, had no means 
for recording the intensities of the odors produced. The rise in odor 
concentration with temperature can probably be explained for the meso- 
philic range (15 to 35° C., or 59 to 95° F.) by the shift in equilibrium 
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between the concentration of the odor-producing substances and jhe 
concentration of the decomposable substances; in addition, by the in- 
crease in vapor pressure. This explanation cannot be extended to the 
thermophilic range, however, unless it is assumed either that the con- 
centration in odor-producing substances is greatly increased as a result 
of changes in the character of the digestion processes, or that the odor- 
iferous substances produced have lower threshold values than those asso- 
ciated with mesophilic digestion. The measurements obtained, there- 
fore, support the theory that the processes of decomposition which take 
place in the thermophilic range are different in nature from those ob- 
taining at lower temperatures. It is obvious that the equations presented 
do not reflect these explanations. They are purely empirical. 

The maximum odor intensity observed by the authors is recorded in 
the pO value of 38, which was reached when digestion of sludge at 140 
EF’. was about half complete. The odor concentration of 2.8 & 10" olfac- 
ties is so large as to seem improbable. It may be well, therefore, to 
compare this value with that assigned to known odoriferous substances. 


As recorded by Henning,’ Hermanides has determined the threshold 
value for skatol as about 4 * 10°'* grams per liter. The vapor density 


of an odoriferous substance may be approximated by the equation: 


M 273.1 

D Soe : 
("994273141 

where D; = density of vapor at ¢° C. and 760 mm. pressure in grams 

per liter; for skatol D,, == 5.35 g.p.1. 


M = molecular weight of the substance. 


If we assume * that skatol is the active odor-producing substance in 
the sludge gas and the gas is assumed * to contain 0.1 per cent by volume 
of the vapor of this substance, the content by weight is 0.0053 grams per 
liter of gas. Dilution by 2.8 * 10' times will reduce the concentration 

0.0053 
2.8 < 10% 
what lower than the threshold value given by Hermanides, but is still 
of the same order of magnitude. At such high dilutions the precision 
of the twin-sphere osmoscope is probably + 4 pO values which would ae- 


of the skatol to 1.9 x 10°™ grams per liter. This is some- 


count for the discrepancy. Adsorption of odoriferous substances on the 
walls and mercury of the osmoscope during initial operations and return 
of the adsorbed substances to the air at higher dilutions will increase the 
pO value reported. 

Release of 100 ml. of the gas under consideration in a large and 
draughty four-story building brought complaints from all quarters. 

* These assumptions aré made to illustrate the possible magnitudes involved. 
They are not based on experimental findings. 
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This is not surprising when it is realized that this amount of gas is suffi- 
cient to impart a very strong odor (pO 8) to more than a billion times 
this volume of air. 

Among odor-producing substances likely to be formed during sludge 
digestion, we may list hydrogen sulphide, the related mereaptans, and 
the indol family. Most of these compounds may be considered as inter- 
mediate products of the decomposition of albuminous material. With 
the exception of hydrogen sulphide, they are probably converted by 
decomposition into simpler and less odoriferous substances. Since di- 
gestion progressively destroys the albuminous substances and their in- 
termediate decomposition products, the odor content of the gas evolved 
from the digesting materials may be expected to diminish. Inspection 
of Table [TV will show that there are such general trends towards lower 
odor intensities as digestion progresses. These trends are shown more 
clearly in Figure 4, prepared by plotting odor values of certain tempera- 
ture groups at fixed digestion percentages obtained by straight-line in- 
terpolation between observations. The temperature groups of 15 to 
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Fig. 4.—Changes in odor intensity and concentration of sludge gases evolved during 
the digestion of sewage solids at different temperatures. 
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25° C. (59 to 77° F.), 30 to 35° C. (86 to 95° F.) and 40 to 45° C. (104 
to 113° F.) were selected in accordance with information on char: «ter- 
istic rates of digestion included in a previous publication by the authors, 
Plotting of the course of odor intensity during digestion at individual 
temperatures would have obscured the diagram. The information on 
the odor of sludge gases evolved at 50 and 60° C. (122 and 140° F.) was 
inadequate for group presentation and is included in Figure 4 on an 
ungrouped basis. There is, in addition to the general trend towards 
lower intensities, an apparent secondary rise when gasification is about 
70 per cent completed. The significance of this rise, if true, remains to 
be determined. 

Odors of Digested Sludge—At the completion of digestion, the 
sludges were permitted to stand in stoppered containers for a week or 
more at a room temperature of 25° C. (77° F.). They were then shaken 
vigorously to promote the transfer of odoriferous substances into the 
gaseous phase, and the odor intensity was observed by means of the 
telescoping osmoscope or the twin-sphere instrument. The results ob- 


tained are summarized in Table V. 


TABLE V.—I ntensity and Concentration of Odors Emanating from Sewage Sludges Digested 
at Different Temperatures 


Digestion Temperature 


pO Olfacties* 
Value 
6s F. 
15 59 5 32 
20 68 2 32 
25 77 5 32 
30 86 5 32 
35 95 5 32 
40 104 5 32 
45 113 5 5 4 
50 122 8 260 
2 


60 140 


4100 


} 


* These values may vary by +25 per cent. 


The values obtained are of interest as an indication of the odor to be 
expected when digested sludge is drawn onto a drying bed, or is other- 
wise brought into contact with the atmosphere. There was no meas- 
urable difference in the odor intensities of the sludges digested at tem- 
peratures of 15 to 45° C. (59 to 113° F.), the so-called mesophilic range. 
The pO value was 5. This is higher than the figures observed for the 
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gases produced towards the end of digestion and may be attributed to 
the vigorous shaking of the sludge before conducting the test. The 
sludges produced by thermophilic digestion are much stronger in odor. 
As previously indicated, this may be due either to production of greater 
quantities of the same odoriferous substances that are generated at lower 
temperatures or to creation of products with lower threshold odor values. 
There is evidence of a difference in quality as well as in quantity of 
odorous materials at the higher temperatures, both in the gas and in 
the sludge itself. In addition to the fecal or putrid odors there are 
garlic odors that are most persistent. No attempt was made to describe 
the quality of the odors observed according to the schedule suggested 
by Crocker and Henderson.'' The goaty or caprylic odors are so domi- 
nant that differentiation would appear to be most difficult. In observ- 
ing them, we readily agree with Kipling’s British soldiers: ‘‘No! you 


” 


won't ’eed nothin’ else, but them spicy garlic smells. 


SUMMARY AND CONCLUSIONS 
The limited measurements of odor intensity and concentration asso- 
ciated with sewage treatment processes presented in this paper may be 


summarized as follows: 





Source of Odor pO Value} Olfacties Character of Odor 

Raw Sewage—Fresh................. | 5-6 | 32-64 | dishwater 
Raw Sewage—Stale................... 6-11 | 64-2000 putrid, H.S 
Screenings—Fresh.................-. 5 | 32 putrid 
Effuents from Biological Treatment 

PPO 1) toy eee Oat Rie Rae ental on Ane 3 8 dishwater and earthy 
Plain Sedimentation Sludge........ a a 16 fecal 
Activated Sludge................ at 1 | 2 | earthy 
Sludge Gases —15 to 60° C.......... 4.1-24.6 | 17-2.510" | putrid 
Digested Sludge —15 to 60° C........| 5-12 32-4100 | tarry to putrid 


All of these values need corroboration, and the list of processes ex- 
amined should be expanded to give information on other types of sew- 
age treatment and other sources of odor. The high intensities of odor 
associated with thermophilic digestion explain why it is possible to 
create at sewage works noxious odors that will travel considerable dis- 
tances on the wind or envelop a whole region with smell on a sultry day 
when the ‘‘ceiling’’ of the odors is low. 

Nothing has been said about the control of odors at sewage works. It 
Stands to reason, however, that ability to measure odor intensities pre- 
Sents in itself a means for advancing the solution of this important 
problem. 
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Recognition of the geometric nature of odor response is helpful. _ [f, 
for example, ventilation of a given amount is found to reduce the ocor 
intensity from a pO value of 10 (1.0 < 10* olfacties) to one of 9 
(5.1 X 10° olfacties), it follows that in order to decrease it to, let us say, 
pO4 the amount of air moved must be increased by 2'° -— 24 = 2° — 64 fold 
f 4 3 \ 
(Tex i 64). This geometric variation in ventilation requirements 
1.6 < 10 
for odor control has been confirmed by the authors’ colleague, C. P. 
Yaglou, in studies of body odors and room ventilation. The quantity 
of chlorine, permanganate, ozone, activated carbon or other deodorant 
required may presumably be gaged in a similar way from the results of 
single tests. 

The hope is expressed that sewage works managers will interest them- 
selves in measuring the odors produced at their plants not only that 
our knowledge of the field may thereby be increased, but also that we 
may learn to consider in terms of factual measurements the complaints 
of odor nuisance which may be received. It is conceivable, furthermore, 
that odor measurements may indicate immediately and simply, whether 
or not the different processes of treatment are functioning properly. 

The osmoscopes developed in the authors’ laboratory are comparable 
in their basic coneept with the grease-spot photometer employed by 
Bunsen to measure the intensity of a light source. This photometer 
used the human eye to gage light intensity by reducing illumination to 
the fundamental value of a standard candle intensity. The osmoscopes, 
analogously, rely on the human nose to evaluate odor intensity by re- 


ducing odor concentration to the fundamental value of the threshold, H 
or standard, intensity. There have been great advances in light meas- : 


urement since Bunsen’s day, and it is to be expected that there will be 
similar advances in odor measurement in the future. 





In presenting these first steps in the measurement of the intensity 








and concentration of odors associated with sewage treatment processes 






and, in expressing these measurements in numbers, the authors clearly 






recognize the limitations of the procedures and instruments employed. 






They ask their readers to bear with them in the expectation that, by 






opening up this field to thought, able men will be stimulated to develop 






more precise means of measurement and expression. Both measurement 






and expression in numbers are needed if our knowledge of, and means 






for, dealing with this important phase of sewage treatment are to be 





advanced. 
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NOTES ON SEDIMENTATION * 


By Lewis V. CARPENTER AND H. W. SPEIDEN 


Head and Instructor, Department of Civil and Sanitary Engineering, West) Virginia 
University, Morgantoun, W. Va. 


Sedimentation of solids of low specific gravity, suspended in a viscous 
fluid, has been a subject of discussion for many years. It is the purpose 
of this paper to develop some empirical equations, based on experimental 
work, which are of some value in design of settling tanks for sewage, 
and to make a partial analysis of the use of model basins for predicting 
the performance of the full sized basins. 

TECHNICAL LITERATURE 

In the design of sedimentation basins probably more use is made of 
Hazen’s! theory than of any other. Hazen chose fifteen sets of condi- 
tions and discussed the theoretical time required for various percentages 
of removal of solids for each set of conditions. His conclusions were 
based on the fact that the solid particles were so widely separated that 

ach particle settled at its own rate according to what was called its 
“hydraulic value.” 

Pearl ? has set up an expression for the theoretical attraction between 
the mass of a particle of sediment and the sides of a circular container, 
and has attempted to show that the particle is attracted to the side of 
the vessel while the mass of the earth causes it to settle downward through 
the liquid. 

Morrill * recommends the use of models in the design of sedimentation 
basins and shows that in order to have dynamic similarity between a 
model and a prototype ‘‘n’’ times as large in each linear dimension, the 
velocity in the full size structure must be yn times that in the model. 
The same relation holds for the detention period. 

Schroepfer * shows by computations from Stoke’s Law that the effect 
of variations in specific gravity of the liquid due to temperature changes 
is small, especially where the specific gravity of the insoluble solids is 
fairly high. Variations in viscosity are much more important, the rate 
of settling at 30° C. being 2.3 times the rate at 0°. The specific gravity 
is considered the most important factor but the concentration of particles 
in suspension is shown to have a decided effect. Flocculation is thought 
to be of considerable importance in sewage sedimentation but of little 
consequence in the sedimentation of granular material. 

* Presented at the Eighth Annual Conference of the Pennsylvania Sewage Works 
Association, State College, Pennsylvania, June 29, 1934. 
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Lunnon ® discusses in detail the forces acting on a solid sphere settling 
through a liquid. He presents a curve showing the relation between 
Reynold’s number of the sphere (obtained by multiplying the velocity, 
V, of the sphere by its diameter, d, and by the density of the fluid, 6, 
and dividing this product by the viscosity of the fluid, ~) and the Resis- 
tance Coefficient (which is the value obtained by dividing the force, F, 
on the sphere, by the density of the fluid, 6, and by the square of V times 
d). This curve is shown in Fig. 1. 
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Fra. 1.—The relation between Reynolds number R and coefficient of resistance C plotted 
on a logarithmic scale. 
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Babbitt and Schlenz* give some experimental results obtained by 
using varying concentrations of sewage solids in basins of different depths 
and detention periods. These data show the effect of the concentration 
of solids and of varying specific gravities. Some experimental runs were 
made using sand, coal and sludge as solids, and an empirical formula was 
derived for the particular conditions of the experiments. 

The sedimentation of suspended matter in sewage is susceptible to 
much less accurate mathematical analysis, for the reason that the par- 
ticles of suspended matter are ecnstantly changing in shape and hydraulic 
value, as a result of bacteriological and chemical changes which are con- 
tinually taking place. The ebullition of gas is another factor which may 
exert a material influence upon the process. A considerable fraction of 
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the suspended matter in sewage is in a state of very fine (colloidal) divi- 


sion and cannot be removed by sedimentation. 


The path described by the settling solids results from the action o! 
combination of forces, some known and some unknown. 


a 


Any particle in 


moving sewage is traveling in a horizontal direction due to the velocity 
of the sewage, and also downward with a certain velocity, usually assumed 
as following Stoke’s Law. Theoretically the resultant between these 
velocities should strike the bottom before the particle reaches the over- 


flow weir and consequently the shallower the tank the more efficient. 


In any theoretical discussion of the rate of settling of sewage particles, 


a number of variables appear, the most important being: 


1. Period of retention 

Depth of flow 

Length of flow 

Particle size 

Electrical effects 

6. Specifie gravity of particles 


core GW bO 


7. Viscosity of liquid 
Concentration of particles 


ve 


MATHEMATICAL CONSIDERATIONS 


> 


If the resistanee, f 


, that a sphere encounters in falling through a 


viscous liquid is a function of the diameter, D, the viscosity, yu, the 


density, 6, and the velocity, V, then: 
R = (f)u, V, 6, D; 


or, writing dimensionally 


M M\*[L]}[M][, ]¢ 
rm (zr) | T | | Li | | ‘ | 


solving for exponents in terms of b, 
R= Ky?-VP?1p2+e 
_ we (VsD\> 
= k — -) 
6D? m 


or generalizing to include all values of b, 


— Ld 
ki = ap S)( . 


(1) 


bo 


(5) 


(V6D/u) is Reynold’s number and Pé6D2/,2 is also a dimensionless number. 


If u/6 = ¥ = kinematic viscosity, 


_— (f) VD 
V26D2 Yo 
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For slow motion, the force is known to be 3ruDV (Stokes) 7.e., it is pro- 
portional to the velocity; for high speeds, the right hand quantity tends 
ultimately to be a constant and then R is proportional to V*. 

In sewage sedimentation problems, the value of VD/‘ does not reach 
the critical Reynolds number and the motion is of the slow type. When 
terms of the second order arise, they must depend on V?D6/u and bear 
the ratio to V of VD/¥ (Reynolds number). In the case of water, with 
u/6 = .01 C.G.S. units, and in order that the ratio may be one-tenth, it 
follows that VD should not be more than .001. 

No satisfactory mathematical law has ever been derived for the 
relation between the dimensionless numbers R/V?6D? and VD/, which 
is applicable throughout the range of velocities, but Stoke’s Law seems 
to fit the ease for low velocities and for sewage sedimentation can be 
used with a maximum error of 5 per cent. 

In the design of a sedimentation basin we are interested in building 
a model similar both dynamically and geometrically, so that the per cent 
removal of settling solids in the model and in the prototype will be the 
same. It is an easy problem to make the basins geometrically similar by 
making all linear dimensions equal to the corresponding dimensions in 
the homologue, divided by the seale ratio. Dynamic similarity requires 
that all pairs of homologous forces shall be in a fixed ratio. In case of 
gravity acting upon both medel and prototype at the same place or 
locality, we know that other forces are proportional to the masses 
upon which they act so that for hydraulic models generally, as a necessary 
condition of geometric and dynamic similarity, we must have 


y? 7 - 
7", © the seale ratio (7) 
m lm 
and 
VD isn R ie 
oak ar and = = > - 
as J r D J 26D? J me Om m- 


must be the same for all sections of the basin, including both inlet and 
outlet arrangements. In other words, one of the conditions of similiarity 
is that the resistances vary as their scale ratios. 


Usre or MopeE.s 


When models of sedimentation basins are tested to predict the 
performance of the full sized prototype, it is easy to construct them 
geometrically similar. The velocity of flow in the full sized basin should 
be yn (square root of scale ratio) times the velocity in the model. If 
the model is geometrically similar the same relation holds true for the 
detention period. It is generally practicable to test the models at the 
place where the full sized structure will be built, hence the effect of 
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acceleration of gravity can be eliminated and the same sewage used as 
in the full sized prototype. If the proper corrections are made for tein- 
perature, it is reasonable to assume that the per cent removal of suspended 
solids in the prototype will be approximately the same as in the model. 

It is unsatisfactory to test models for sewage settling basins on 
sewage different from that to be received at the full-size plant, on account 
of the variables which cannot be expressed mathematically, the most 
important of which is the colloidal factor. When the model is tested 
at the same location, with sewage of the same character as that to be 
received at the plant, it is possible to predict the performance of full-size 
basins. 

Dynamic similarity must always be obtained in designing the inlet 
and outlet arrangements. The writer is familiar with one installation 
where a circular basin was tested and a large basin built with geomet- 
rically similar dimensions. The inlet was a submerged orifice at the 
bottom of a sloping sector. The loss of head in the full-size basin was 
so low that it was necessary to block off about 50 per cent of the openings 
to get fair distribution. 

The increase in rate of sedimentation with increased concentration 
may be partially explained by the theory of probability. The prob- 
ability of an event is the ratio of the number of favorable chances of its 
occurrence to the total number of chances, favorable and unfavorable. 

Let it be assumed that a perfect sphere of known specific gravity 
and volume will settle through water at a definite velocity V;. It will, 
also, be assumed that if the volume of the sphere is changed, the velocity 
will vary as the square of the diameter, according to Stoke’s Law. It 
is also assumed that when two settling particles come together, they will 
form one particle whose volume is the volume of the two particles. Then 
if the two particles are of the same size and V, represents the velocity of 
sedimentation of one particle and V, of the two particles combined, by 
doubling the volume of the sphere the ratio of the diameter is 

dy = V2 d; 
and, since the velocities vary as the square of the diameters, 
Vi: Ve::d,: de’ 
Ve = Viv(2)? 


’ 


and the velocity of sedimentation of ‘‘n”’ particles of the same size after 
combining will be 
V, = Vivn? 
As the combination of settling particles will increase the velocity of 
sedimentation, then the greater the number of particles the greater the 
probability of increase in rate of sedimentation. 
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If N represents the number of particles in the liquid, the chances of 

increasing the velocity of sedimentation are: 

N == 92/3’ N/3 = 32/3: N = 2/3 

2 m 
where ‘‘m’’ is the number of chances of the particles coming together. 
Some of the particles might have their velocities increased by 2?’, 
some by 32/8 and some by m?'*, ete. And these might come together and 
form new particles so that the theoretical final velocity would be that of 
one, a single particle with a velocity of V, = V,N*/*. Figure 2 shows this 


rt) w F 


VELOCITY OF SEDIMENTATION IN TERMS OF vj 
~ 





a a, ee ee a ee a ae eS 2 





NUMBER OF PARTICLES "N" 


Fic. 2.—Theoretical relation number of particles and velocity. 


79/2 


Equation V, = V,;N2/8 


graphically. It is assumed that all factors are constant, except the 
number of particles and the velocity of sedimentation. The graph shows 
that when the concentration is increased eight times the velocity is four 


times as great. 

I'rom the above reasoning it is possible to plot a theoretical percentage 
reduction curve. This curve would really be the reciprocal of the 
velocity curve. If P; represents the per cent removal with NV, particles 
present and P», represents the per cent removal with N» particles present, 
and if No = mN, 


P, = m8P, 
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Fic. 3.—Theoretical relation between per cent reduction and concentration 


Equation Ps = m?8P,, 


Figure 3 shows this relation graphically. This represents the theoretically | 
ideal curve of probability below which all actual observations should fall. ; 


EFFECTS OF TEMPERATURE } 

Practically all sedimentation basins show greater removal of solids 

in summer than in winter. This is the result of the change in viscosity 
of the water. The relation between the temperature and the per cent 
removal of suspended solids is given by the empirical formula developed 














by the writer at the University of Illinois: 
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where ¢ = temperature in degrees Centigrade. A particle of certain 





ro 


specific gravity would settle twice as rapidly at 25° as it would at 10° 





Centigrade. 







FLOWING-THROUGH PERIOD 
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The flowing-through period is defined as ‘‘the average time required 
for a small unit volume of liquid to pass through a basin at a given rate 
of flow.”” The efficiency of a basin is calculated as the flowing-through 
period divided by the time for volumetric displacement of the fluid. It 
is difficult to determine the actual flowing-through period by ordinary 
methods. The most common method is that of adding salt in known 
concentration to the inlet and collecting samples at the outlet. The 
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efficiency is then determined by plotting the chloride titrations of the 
effluent against time. The center of gravity of the area between the 
two curves is determined by the method of moments, and the time 
corresponding to this point is called the flowing-through period. 

In some experimental work at Morgantown a set-up such as that 
shown in Fig. 4 was used. A pair of electrodes, one of zine and the other 
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Fig. 4. 


of carbon, was immersed in the salt solution and connected in series with 
suitable resistance and a micro-ammeter, the voltage being produced by 
the unlike metals in solution. The device was found to be extremely 
sensitive, especially in solutions of low salt concentration. These elec- 
trodes were designed to trace the distribution of currents over the cross- 
section of a basin, but the results were not satisfactory except in perfectly 
clear water, as sediment had a tendency to accumulate on the electrodes 
and render them unreliable. In all experimental work the efficiency was 
calculated from the removal of suspended solids by the weighing of the 
filtrate in a Gooch crucible according to Standard Methods of Water 
Analysis. 

SEDIMENTATION FORMULA 

Holmes® has suggested the use of the following formula which fits the 

experimental data from Rochester: 

E = AS — S(A — 1)e*" (1) 


, (1 — A) 
= | 4 + m3 ktm (2) 
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Y = p.p.m. suspended solids in effluent, 
time of detention, 
S = p.p.m. suspended solids in influent, 


~ 
I 


A, k, n are constants. 
This equation is rational because EF equals S when ¢ is 0 and when ¢ 
approaches infinity FE is a definite value, based on the strength of ihe 
sewage. 

For a crude sewage of 150 p.p.m., 


A = 0.25: K =0.378 and n = 0.3145 
: ss 1125 
Se + sao 5) 


Table I shows a comparison between the results for various periods 
TABLE | 


E EK E 


Suspended Solids in | Suspended Solids, Suspended Solids 


Detention 








r Kffluent from Rochester | W.V.U. Ex- 
Period : : ; ‘ 
Formula Experiments periments 
5 97.6 110 
10 88.5 94 | 
15 $3.5 87 95 
20 80.1 80 8S } 
| Sed ro 
30 74.9 | 75 | 78 
45 69.6 | 70 72 
60 | 66.2 66 | 68 
90 61.3 61 | 61 
120 58.0 | 59 | 60 4 
240 51.0 51 50 i 
= pes See) a ee _ z F 


Table I is based on: 
E = AS — S(A — 1)e-*e" 
where A = 0.25 
K = 0.378 
n = 0.3145 
A = 150 p.p.m. 


Mase eles Ae ace 









) 


of detention using equation (3) and actual experimental results. The 
values of A, K, and n will vary with the concentration of suspended 
solids in the influent. Sufficient data are not available to correlate each 
of these constants for all concentrations, but results at Syracuse indicate 
that this formula is applicable to sewages with from 150 to 500 p.p.m. 
suspended solids, as determined by the Gooch crucible method. 

Another formula which fits a large amount of data is: 
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using the same nomenclature as in formula (1). This formula is not 
rational. Fig. 5 gives experimental results at Syracuse. 

Babbitt © presents a rather lengthy formula for calculating the per 
cent removal of settling solids with various periods of detention and 
various concentrations of settling solids in the influent. Unfortunately, 
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Fig. 5. 


this formula is based on the removal of settling solids by a special non- 
standard method and the results are not comparable with data from 
other sources. 


SUMMARY 


Two formulas (1) and (4), based on experimental results, are presented 
which are satisfactory for estimating the probable performance of a 
sedimentation basin. 

The principles of similarity are discussed with respect to the use of 
small basins for predicting the performance of larger basins. 
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DISCUSSION 


““Notes on Sedimentation” 


Francis C. Foote, Worris Knowles, Incorporated Engineers, Pittsburih, 
Pennsylvania: It is perhaps well to emphasize the fact borne out by 
Professor Carpenter that there are so many variables entering into the 
problem of sedimentation, with respect to sewage, that we cannot be 
guided entirely by mathematical equations. With water, however, 
containing largely sand and silt, more reliable mathematical analyses can 
be made. The fundamental equations are, of course, those presented by 
Hazen and Stokes, the latter one being well known as “Stokes Law.” 

I believe that we can well afford to give more attention to the use of 
models in the design of sedimentation basins, bearing in mind the pre- 
cautions to be followed in the conversion of dimensions and velocity 
from the model to the final structure. Likewise, in the arrangement of 
inflow and outflow facilities, due to different hydraulic conditions, it is 
not always practical to obtain results with models that will be comparable 
to those of the actual structures when completed. Obviously, as Pro- 
fessor Carpenter has pointed out, experimental data of this sort can be 
secured only at the location where the tanks are to be constructed. 

Even after giving due consideration to the various factors involved in 
the theoretical design of a sedimentation basin, we are prone to disregard 
some of our theoretical discussions when we come to actual construction. 
This is not always due to any real contempt for theories, but for reasons 
of economy in design and simplicity or ease of construction. We give 
serious thought to the period of retention when designing a basin and 
yet when the structure is completed and tests conducted, the actual 
flowing-through period may be anywhere from 10 to 50 per cent of the 
theoretical period of retention for the particular basin in question. If 
properly proportioned to reduce eddies around the inlet, a basin which 
gradually diverges from its inlet to its outlet would give ranges in velocity 
suitable to take care of particles of various sizes and specifie gravity. 
Because of their shape, however, basins of this type are not economical 
in that too much land area is required. Likewise, although considerable 
stress has been laid upon the proper theoretical design of inlets and 
outlets to secure uniform distribution of flow, it is difficult to obtain the 
desired effects in actual practice. 

Perhaps the real difficulty in obtaining the desired results in practice 
is that by far the greater number of sewage treatment plants constructed 
today are those of small or medium sized capacities. In the case of 
large plants, many units can be constructed to take care of varying 
conditions in flow, so that each unit is utilized to the best advantage. 
In the case of smaller plants, these must of necessity be designed to 
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provide for a reasonable increase in quantity, and often from the point 
of view of economy it is not possible to provide a sufficient number of 
units to secure uniform operation of the individual basins, with the 
variation in rates of flow of sewage throughout the day. 

[t is of interest to note that more consideration is being given today 
to the question of proper baffling in sedimentation basins. The experi- 
ments eonducted by Morrill at Detroit, and more recently at Chicago 
and Aurora, Illinois, show that increased efficiency may be obtained with 
the proper use of baffles. It is perhaps worth our while to give more 
attention to this feature. 

To those interested in the question of design, it will prove beneficial 
if the operators of sewage plants will make it a point to collect actual 
performance data which can be made available to those desiring to make 
further studies on this important question of sedimentation. In this 
connection, I am wondering if Professor Carpenter has secured any data 
on the effect of mechanical equipment for the removal of sludge in 
sedimentation basins, with particular regard for the effect produced by 
different velocities of travel of the collecting apparatus. 

Mr. F. B. Milligan, Hmportum: You referred to proper baffling as 
improving the effectiveness of the settling tank. Will you give an 
explanation of what you mean by “proper baffling’’? 

Mr. Foote, Pittsburgh: By proper baffling we mean baffling which 
will give the greatest value for basin capacity by avoiding eddies and 
vetting the maximum flowing-through period. In some cases considera- 
tion has been given to longitudinal baffles. 

Mr. Milligan: Do you have any definite principles other than those 
you have mentioned for the design and placing of the baffles? Given a 
tank of certain average dimensions, the old way apparently was to use 
over-and-under flow baffles, placed transversely, perhaps at quarter 
points. Have you any basis for design—any particular principle—to go 
by? Would you put dye in your tank and try to solve the problem of 
bafling by experiment, either after the tank was built, or beforehand 
with a model? 

Mr. Foote: Both methods could be used. 

Mr. Milligan: Have you ever seen a tank wherein the designer used 
baffles with vertical openings closed by removable slats? The baffled 
tank then could be built and put into service, and some of the salts 
knocked off or shortened afterward in order to adjust the flow. 

Mr. Foote: That is what Morrill did at Detroit. 

Mr. H. M. Freeburn, Philadelphia: There may be a number of oper- 
ators who think this is another fad, and they may wonder how it affects 
them. The more you study the sedimentation question, I think, the 
less you feel you know about it. There is a real need for scientific work 
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along this line and this is one way it can affect you. If a designing 


engineer constructs a basin which is supposed to have a certain retention 
period and it hasn’t, it means that solids are going to go out of that 
tank and clog up the oxidation or secondary treatment units. 

I think there is too much tendency for designers to assume that they 
are absolutely correct in their design of baffles. They design a plant 
and put in concrete baffles which can’t be moved. I have held tie 
opinion for some time that baffles should be adjustable in all directions 
so that they could be put in and tried to see what they will do. If 
they don’t work, move them up or down, forward or back until you get 
the best conditions with your particular tank. 

Mr. R. O’Dornell, State College: I believe that Professor Carpenter 
emphasized the point made by Mr. Freeburn, that model study in the 
future is going to be one of the guiding principles in design; that the 
designing engineer will resort more to the use of models in a specific 
locality with the specific sewage that is to be treated, and base them not 
only upon dimensional similarity but upon dynamic similarity also. 

Mr. H. N. Lendall, New Brunswick, N. J.: You may be interested to 
know of some experiments we have carried on for over a year. Starting 
with sedimentation and realizing in the beginning the importance of velo- 
city distribution throughout the tank, we made different shaped tanks with 
different inlet and outlet conditions. We divided the model tank into 
sections and had in each of those sections a series of threads. We had 
a model tank, of course, and we divided that tank into about six sections 
with about eight threads across the tank in each section. Varying the 
rate of discharge through the tank, getting an idea of the relative ve- 
locities, and measuring the inclination of each thread at various points 
throughout the tank in each section, gave a very excellent picture of the 
velocity distribution throughout the tank. We have used the baffles in 
various positions and as far as we have gone it has been demonstrated 
that we get the best flow conditions, in other words, we get a more 
nearly uniform flow throughout the full length of the tank and across 
the tank, when we have baffles placed a short distance from the inlet 
and from the outlet and at a depth of approximately one-fourth of the 
depth of the model tank. That has worked out for two kinds of tanks 
with different inlet conditions. As to whether we can apply that to a 
floating type, full-size tank, has yet to be investigated and learned. 

Mr. F. W. Jones, Cleveland: Do you refer to a solid baffle? 

Mr. Lendall: Yes—solid. 

Mr. H. J. Krumm, Allentown: At our water filtration plant, our 
settling tank instead of providing a retention period of three hours, gives 
only a one or one and a half hour retention period. We pre-chlorinated 
and then took samples at depths of two or three feet for residual chlorine, 
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and in that way found where the baffles should be. The problem now 
is to get the proper kind of baffle. 

Mr. R. L. Phillips, Meadville: We are rather proud of the settling 
results we are getting at Meadville. 

Mr. H. N. Herr, Hershey: In our secondary sedimentation basins at 
Hershey I provided triangular wedges at the inlet end of the basin. 
There are four notches and I installed a triangular wedge for each notch, 
also vertical holes in the basin. Those holes can be either opened or 
closed and the triangular wedges can cut down the amount of flow that 
voes through any one of these openings or they can direct the flow in a 
certain direction going through the openings. Through experimentation 
with dyes we succeeded in getting a fairly good distribution. 





































BIOCHEMICAL CHANGES IN THE FORMATION OF 
ACTIVATED SLUDGE * 


By H. HrvuKELEKIAN 


Associate, Dept. Water and Sewage Research, New Brunswick, N. J. 


In a previous publication? data were presented concerning t] 
changes in the suspended solids content and B.O.D. caused by the aera- 
tion of sewage, sewage and sludge mixtures and of activated sludge alone. 
No reference was made to the effect of the accumulation of activated 
sludge. It seemed to us that the characteristic changes noted during the 
above studies could best be followed by the production of activated sludge 
from raw sewage. The results reported herewith are therefore con- 
cerned with the simultaneous changes taking place in the liquor and 
the sludge produced from sewage during continuous aeration. If the 
properties of the activated sludge could be determined by the indices we 
have used, there should be a definite change in the value of these indices 
starting with sewage and continuing with the accumulation of sludge. 
The effect of aeration after sludge has been produced should also be re- 
flected in these measurements. 


Merrnop 


Sewage from Plainfield was concentrated by filling a barrel, allowing 
it to settle for one-half hour, decanting the supernatant liquor, refilling 





and resettling. One hundred liters of sewage coneentrated in this man- 
ner was aerated continuously for a period of 20 days in a tank 26 by 10 
inches in plan and 10 inches deep, by means of a diffuser tube in the 
bottom of the tank. At intervals, 10 liters of sample was withdrawn, 
settled in a carboy for 1 hour, the supernatant withdrawn and the solids 
resettled in a cylinder for one-half hour. The following tests were made 
on the withdrawn liquor: suspended solids, ash in suspended solids, 
nitrate nitrogen, dissolved oxygen, B.O.D. and pH. The sludge volume 
was determined after one and one-half hours of sedimentation. The 
sludge was analyzed for suspended solids and ash, total solids and 
ash, and B.O.D. <A part of this sludge, used as returned sludge, was 
mixed with raw sewage and the purifying power of the sludge deter- 
mined by the difference in the suspended solids and B.O.D. of the raw 
sewage and of the supernatant liquor after six hours of aeration and 
one-half hour of sedimentation. 
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BIOCHEMICAL CHANGES 


RESULTS 





IN SLUDGE 





The changes in the solids and ash content are given in Table I. The 


changes in the mixture and in the settled sludge are considered sep- 


arately. It will be seen that there was a large content of suspended 


solids in the original sewage. The 


sewage Was 


concentrated, as de- 


TasLe I.—Changes in the Solids Content in the Production of Activated Sludge by Con- 


tinuous Aeration of Sewage 


Suspended Solids in Mixture, P.P.M. 
Reduction of Suspended Solids in Mixture, 
Per Wana. s sess eas re ree 
Ash of Suspended Solids in Mixture, P.P.M. 
Ash of Suspended Solids in Mixture, Per 


PPM... Weer eee ret: ier 
Quantity of Suspended Solids in Sludge 
from 1 Liter of Sewage, P.P.M. 
Reduction of Total Suspended Solids in 
Sludge Produced from Sewage, Per Cent 
Suspended Solids in Mixt.,—Susp. Solids 
in Sludge per Liter Sewage, P.P.M. 
Ash in Suspended Solids of Sludge, P.P.M. 
Ash in Suspended Solids of Sludge, Per Cent 
Volume of Sludge After 13 Hr. Sedimenta- 
tion, Per Cent*... 
Sludge Index 
(Volume in Per Cent After 14 Hr. Sed.) 


1 


S.S. in Sludge in Per Cent 


875 


0 
160 


230 
107 
16.6 


Days Sewage Aerated 


675 


22.8 


125 


18.6 


16,890 
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bo 
Ww 


110 
130 
23.0 


60 


ri 12 20 

490 460 530 
44.0 47.2 39.6 
80 100 165 
16.3 22.1 31.0 


14,585 {11,380 |11,185 


510 150 470 
20.7 30.2 27.0 
— 20 10 60 


135 133 151 
26.5 30.0 32.1 


3.1 3.6 4.0 


60 SO 85 


The volume of sludge actually obtained after decanting the supernatant liquor 


was higher than values given here. 


scribed above, so that appreciable amounts of sludge could be obtained 


for making the various tests considered desirable. The reduction of 


suspended solids in the mixture was rapid during the first seven days 


of aeration. We have reported elsewhere! approximately 15 per cent 


reduction of suspended solids in 48 hours by the aeration of sewage. 


The reduction of suspended solids continued with longer aeration periods, 


but at a decreasing rate. Simultaneous with the loss of suspended 


solids a loss of ash in the suspended solids was also taking place, so 


that the percentage of ash in the suspended solids did not increase 


during the first seven days of aeration. 





In the previous study * the per 
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cent of ash in the suspended solids of sewage did not show a material j 
crease during 48 hours of aeration. When the maximum reduction in 
the suspended solids had taken place (seven days) then not only tiie 
relative percentage of ash increased but also the absolute quantity. In 
the early stage of oxidation the loss of suspended solids and ash kept 
pace, while in the later stage the loss of suspended solids ceased and thie 
ash content increased, resulting in an increase of the percentage of ash 
in the solids. 

The concentration of the sludge separated from the sewage decreased 
with the length of aeration period. The volume of the sludge formed 
from the sewage was increasnig, due to building up of sludge. There- 
fore, the actual quantity of suspended solids in the sludge separated from 
one liter of sewage was obtained by multiplying the suspended solids 
concentration of the sludge by the volume of the sludge obtained. These 
values indicate a progressive decrease of the suspended solids of the 
sludge. The percentage decrease of the suspended solids of the sludge 
was less than the percentage reduction of the suspended solids of the 
whole mixture. When the amount of suspended solids in the sludge from 
one liter of the mixture was subtracted from the suspended solids of the 
whole mixture the results represented the amount of suspended solids 
in the mixture that did not form sludge, 7.e., the dispersed non-settleable 
suspended solids. These values were high initially and as the aeration 
progressed the values became smaller until the seventh day when a 
negative value was obtained. At this time all the suspended solids 
were in the form of settleable sludge. With further aeration the amount 
of non-settleable dispersed solids again increased. The ash of the sus- 
pended solids in the sludge produced from one liter of sewage increased, 
in contrast with the decrease in the ash content of the suspended solids 
of the whole mixture. Since the decrease in the suspended solids content 
of the sludge was greater proportionately than the decrease in ash, the 
percentage ash in the sludge suspended solids steadily increased. The 
sludge index of the sludge from the raw sewage was low and increased 
with aeration. 

The B.O.D. changes during the aeration of sewage and production 
of activated sludge are given in Table II. The B.O.D. of the sewage 
decreased with aeration, the maximum reduction taking place during the 
first four days of aeration. In the studies reported previously? a 52 
per cent reduction of the B.O.D. of sewage took place during 48 hours 
of aeration. In the present study a 54 per cent reduction was obtained 
in four days. The B.O.D. reduction of the sludge itself was lower 
than that of the whole mixture. The difference between the B.O.D. of 
the mixture and that of the sludge, representing the B.O.D. of the 
supernatant, was high initially and steadily decreased with the aeration 
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Tarte IL.—B.O.D. Changes in the Production of Activated Sludge by the Continuous 
Aeration of Sewage 








| Days Sewage Aerated 
e , & ) Fy ae) ee 
B.O.D. of the Mixture, P.P.M............ 1765 |350 |210 |180 | 100 
B.O.D. Reduction of the Mixture, Per Cent | 0 54.2 | 72 | 76.5 | 87.0 
B.O.D. of the Sludge from 1 Liter Sewage, | | | | | 
Ps ae hie the de eer | 305 235 =|: 120 100 =| ~50 
B.O.D. Reduction of the Sludge, Per Cent | 0 | 24.1 61.1 | 68.0 | 84.3 
B.0.D. of the Mixture—B.0.D. of the | | | | | 
a PP es gs iice es as | 460 115 | 90 | 80 | 50 
Reduction of the Dispersed Material, Per | | 
PS rs esas asad deg LY OY AAS VANE io |@e | | |e 
B.O.D. of Sludge APSR Pere | 47 “ | 23 2 r 
Suspended Solids in Sludge | | | 
B.O.D. of Mixture | _ | | 
Sete teen ees 87 52 43 10 19 


Suspended Solids in Mixture 
period. The oxidation of this dispersed supernatant material, as 
measured by the per cent reduction of B.O.D., was the most rapid, fol- 
lowed by the oxidation of the whole mixture containing both the super- 
natant and the sludge and finally the oxidation of the sludge portion. 
Ratio of B.O.D. to suspended solids of the sludge portion started at 
0.47, reaching a value of 0.23 and 0.11 in 7 and 20 days respectively. 
The B.O.D. to suspended solids ratio of the mixtures showed a similar 
tendency, except that the initial and subsequent values were higher. 
In the previous studies these ratios in the raw sewage were reported as 
1.0 and for sewage aerated for 48 hours, 0.67. In the present sludge the 
ratio for raw sewage was 0.87 which decreased to 0.52 after 4 days of 
aeration. 

The nitrate formation, pH values and dissolved oxygen content of 
the aerated sewage are given in Table IIT. It will be seen that appre- 


Tas.e III.—Effect of Aeration on Nitrate and Dissolved Oxygen Content and pH Value 
of Sewage 
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ciable quantities of nitrates were formed only after seven days of aeva- 
tion, the concentration increased further after twelve days of aeration. 






The pH value increased with aeration. Dissolved oxygen appeared in 






the sewage after four days and increased gradually up to twelve days 






In Table IV are given results with the sludge produced after differ- 











ent periods of aeration, when mixed with sewage and aerated for six 


TasLe IV.—Purifying Power of the Activated Sludge Produced During the Continuous 
Aeration of Sewage (Aeration Period, 6 Hrs.) 


Days Sewage Aerated 


0 4 i 12 

Suspended Solids of the Mixture, P.P.M.... 1775 2265 1945 2020 

Suspended Solids of Influent, P.P.M. ; 450 410 340 515 
ve Effluent, P.P.M. 120 165 60 210 
Reduction, Per Cent ; 73 60 82 60 i 
B.O.D. Influent, P.P.M. 530 525 | 345 500 : 
B.O.D. Effluent, P.P.M. 170 75 105 285 i 






B.O.D. Reduction, Per Cent 70 
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hours. This should represent the effect of the different stages of oxida- 





tion of the sludge on the degree of purification brought about by it. The 





object was to make the conditions of the different mixtures in regard to 






suspended solids concentration, period and rate of aeration as nearly the 





same as possible; the only variable being the degree of oxidation of the 






sludge. The suspended solids of the mixtures made with activated sludge 






at different periods showed a maximum variation from 1776—2265 p.p.m. 






The sewage used for the mixture at different periods was possibly the 






only variable factor that could not be controlled, although its strength 






as measured by suspended solids concentration and the B.O.D. did not 






vary excessively. The purification, as measured by suspended solids 






and B.O.D. reductions, was high with the sludge obtained initially from 






sewage, so that the results obtained with sludge after different periods 






of aeration did not show appreciably greater improvement. As measured 






by suspended solids reduction the sludge was at a maximum efficiency 





after seven days of aeration, while aecordnig to the B.O.D. reductions 






the same point was reached after four days of aeration. According to 






both suspended solids and B.O.D. reductions the efficiency after twelve 






days of aeration was lower than with the sludge obtained from the origi- 






nal sewage. 
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Discussion 


It has been shown that in the aeration of sewage there is a definite 
and appreciable reduction of suspended solids and B.O.D. These redue- 
tions are the result of actual oxidation by air and not due to the floccula- 
tion and removal after aeration and settling. The total reduction due 
to settling after aeration will be considerably higher than the values 
recorded here. During aeration an increasing proportion of the sus- 
pended solids in the sewage is being transferred into the sludge, giving 
rise to an inereased volume of sludge, up to a point where all the sus- 
pended solids in the aerated sewage can be recovered in the sludge. 
Aeration beyond this point causes a dispersion of the sludge floe. 

The oxidation of the dispersed material proceeds at the highest rate 
and the oxidation of the flocculated material at a slower rate, while 
oxidation of the mixture made up of these components takes place at an 
intermediate rate. The oxidation of the sludge floe after it is formed 
plays an important role in the properties of the sludge. Measuring the 
property of the sludge by its purifying power shows that the optimum 
stage of oxidation was attained between four and seven days. The 
initial unaerated sludge yielded a surprisingly high degree of purifica- 
tion and the purification caused by an over aerated sludge (twelve days), 
was lower than with unaerated sludge. It will be of interest to note 
that the re-dispersion of the sludge floe coincided with the poor efficiency 
of the sludge when returned to the sewage. Oxidation as measured by 
nitrification would also place the optimum stage of the oxidation on the 
seventh day. An exeessive amount of nitrate accumulation on the 
twelfth day was probably another indication of over-oxidized sludge. 
According to these different criteria the sludge at its optimum stage of 
oxidation had an ash content of about 25 per cent. According to the 
B.O.D. to suspended solids ratio of the sludge, the optimum stage of 
oxidation again was attained between the fourth and seventh days, since 
between these two periods the ratio decreased from 0.41 to 0.23. From 


previous studies we had arrived at a value of 0.3 


for a well oxidized 
sludge. 

It will be observed that the ash content of the sewage decreased 
during aeration, while that of the sludge separated from it increased. 
This phenomenon of loss of ash under certain conditions of aeration and 
(ligestion has been observed before. It is logical to assume that these 
apparent losses of ash are due in part to some error in drying and 
ignition. It seemed possible that one of the factors involved was the 
loss of biearbonates during drying and ignition. Accordingly, on a 
sample of sewage total solids and ash determinations were made in the 
usual manner. Carbonates were run cn the wet, dry and ignited sam- 
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ples by aspirating CO, free air through the heated and acidified sam))] 
and eatching the CO, in Ba(OH),. The results of such an experiment 
on the original sewage and on the same sewage after three days with 
and without aeration are given in Table V. It will be seen that con- 
siderable amounts of carbonates are lost on drying and igniting a sevy- 


age sample. 


TaBLeE V.—Loss of Carbonates on Drying and Ignition 


After 3 Days 


Initial, = 
P.P.M. | No Air, | Air, 
P.P.M. | P:P.M. 


Total Solids . : : ; BT Te Oe 1090 1080 | = 8655 


| ae ee eee Eee teritene eo hh Rees 480 440 420) 
Carbonates in Wet, as CO, eee eae Se: 175 225 16( 
LS ee ects a 30 55 55 
= Pomona pee coc eo iets 10 10 > 
Error in Total Solids Due to Loss of Carbonates, Per 
CNR Oe aE oe een Steere Ae i2° | 13 1] 
Ash plus Carbonates Lost in Ignition ey 645 655 575 
Error in Ash Due to Loss of Carbonates, Per Cent 26 33 Zi 


The errors introduced into the total solids and ash determinations 
through this source are considerable. When the actual loss of carbonates 
on ashing are added to the ash, the loss of ash in unaerated sewage is 
compensated but the aerated sewage still gives lower ash figures than 
the initial. The loss of some other material in the ash during aeration is 
probably responsible for this discrepancy. It is interesting to note in 
this connection that the ash content of the sludge did not show a de- 
crease. Since the carbonates are lower in the sludge than in the liquid 
portion, this was to be expected. 


SUMMARY 


The biochemical changes involved in the aeration of sewage and pro- 
duction of activated sludge were studied. The two main processes in- 
volved are flocculation and oxidation. Aeration enhances flocculation 
by transferring the sewage solids into the sludge floc. Over-aeration 
causes a re-dispersion of the flocculated solids. Simultaneous with the 
flocculation, oxidation of the solids in the dispersed as well as in the 
floceular form is taking place, the former at a more rapid rate than the 
latter. The completion of the most rapid rate of oxidation, as measured 
by the reduction of suspended solids and B.O.D., coincided with the 
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maximum purifying efficiency of the activated sludge. After four to 








nt seven days of aeration an over-oxidized condition was created, as meas- 

th , ured by re-dispersion of the sludge floc, decreased purifying efficiency 

n- 1 and an excessive amount of nitrate accumulation. The optimum stage 

ae of oxidation as measured by the B.O.D. suspended solids ratio of the 
sludge was also attained between four and seven days. The percentage 
of ash in the sludge increased from 16 to 26 per cent after seven days of 

; aeration, while the absolute amount of ash in the mixture decreased. 
[It has been shown that carbonates are lost on drying and ignition. As 
the carbonates increase during aeration this would cause an apparent 
decrease of ash. 
REFERENCES 
1. H. Heukelekian, ‘‘ Effect of Aeration on the Rate of Oxidation of Activated 
Sludge.’’ THIS JOURNAL, 6, 897-907 (1934). 
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SEWAGE TREATMENT PROBLEMS AND TRENDS * 


By CHARLES GILMAN HyDE 


Professor of Sanitary Engineering, University of California, Berke le y, Californic 


THE CHANGING CHARACTER OF MUNICIPAL SEWAGE 


The success of treatment plants and disposal processes must be meas 
ured by their ability to handle, with that degree of efficiency for which 
they have been designed, all volumes and conditions of sewage likely to 
be received by them. In the design of such works the engineer must 
consider any changes likely to take place with respect to the character 
and composition of the sewage, as well as its quantity. 

Certain changes in the character of our American municipal sew- 
ages have been taking place due to the changing food habits of our peo- 
ple, to changing processes of manufacture and procedure of disposal of 
industrial wastes, and, in general, to changing economic and social con- 
ditions. 

With the decreased cost of soap and the increased use of hot water 
in homes, grease which was formerly salvaged for soap making or was 
sent to the garbage can is now washed down the kitchen sink. There is 
undoubtedly an increasing general use of soap, soap powders and other 
household cleaning materials and these are doubtless responsible for an 
increase in the content of saponified fats in American sewages. Despite 
all ordinances and inspections to the contrary, mineral oils in large 


ageregate quantity find their way into the sewers from publie and pri- 


vate garages, perhaps particularly from the latter. While the use of 


grease and oil traps in kitchens and garages, respectively, is increasing 
in some communities, these devices are too often grossly inadequate and 
ineffective. 

The tendency in manufacturing communities is seemingly toward 
a greater diversity of product; therefore toward a greater diversity of 
industrial wastes. The chemical industry, in particular, is developing 
many new products, some of which create wastes of great significance 
from the treatment and disposal standpoint. Birmingham, England, 
boasts of 1,200 different trades or industries. There are probably few, 

* Luncheon address given at the Seventh Annual Meeting of the New York State 
Sewage Works Association, held in New York City, January 15, 1935. 
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if any, American cities which can claim such diversity at the present 


time but the trend toward such diversity demands our attention. 

In the canning industry wastes formerly removed in solid form from 
the plants are now reduced to a pulp in a hammer-mill or other type of 
disintegrator, are mixed with water and are flushed into the sewers. 
Even apricot and peach pits are thus disposed. Prior to this recent de- 
velopment and with a smaller proportion of the cannery wastes reaching 
the sewers, the loads placed upon sewage treatment plants by canneries 
were sometimes very great, both in absolute and relative terms. For 
example: in the town of Lodi, California, having a connected popula- 
tion of about 7,500 persons, the wastes from a single cannery during its 
peach ‘‘campaign,’’ when some 45 to 50 tons of peaches were being proc- 
essed daily, represented a B.O.D. load equivalent to that of the normal 
sewage contribution from at least 8,000 persons. This extra load doubled 
the equipment required to be in service at the city’s activated sludge 
treatment plant. In Sacramento, a city of some 90,000 inhabitants, 
the wastes discharged into the sewers from three canning establishments, 
during the maximum months of their campaigns, had an average B.O.D. 
requirement estimated to be equivalent to the sewage contribution of 
some 66,000 persons. Such wastes are seasonal and in this particular 
instance were for the most part contributed during the months of June, 
July, August and September. 

At the present moment the feasibility of disposing of garbage in the 
sewers, either directly from individual homes, markets, ete., or from 
central grinding stations, is being discussed and in some quarters actu- 


y advocated. If this contribution to the sewage could exist solely in 
the form of insoluble solids the effect as related to sewage treatment 
would not perhaps be very serious. Unfortunately, however, garbage 
is of sueh a nature that it will greatly increase the colloidal and dis- 
solved organic matter. Such substances at best are difficult and ex- 
pensive to treat and remove. Serious consideration should be given to 
the economies of the problem; possibly also to the esthetic implications, 
including odor production. The disposal of garbage by digestion in 
combination with sewage sludge is quite a different matter. Such dis- 
posal does not affect the entire volume of sewage flow requiring treat- 
ment. 

The comminution of screenings, referred to hereinafter, within the 
treatment plant itself and return of the ground solids to the sewage 
behind the screens, to be removed by subsidence, may or may not add 
appreciably to the volume of scum and to the load of colloidal and dis- 
solved organic matter in the sewage, depending upon the manner and 
extent to which comminution takes place. 

Many of these changing conditions, particularly as related to oil and 
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grease, are not now and never have been reflected by routine chemical 
determinations. Moreover, our chemical laboratory determinations and 
methods have gradually undergone such a complete change that, except 
for solids—total, dissolved and suspended—there is rarely to be found 
in laboratory records any present day criterion of sewage character and 
composition which reaches far back into the past and thus affords a basis 
for comparisons. 


THE INCREASING USE oF MECHANICAL APPLIANCES 


Throughout virtually the entire field of sewage treatment the con- 
tinued development and use of mechanical appliances is to be noted. 
The increase in the number of patents involved is large and disconcerting. 
It is difficult to predict the outcome of this patent development. Under 
the circumstances, with valuable process and equipment patents held by 
a considerable number of manufacturers, scarcely any process or meclia- 
nism can have all of the good features which it should possess. In gen- 
eral, however, much of the available equipment is so excellent that de- 
signers of sewage treatment works are possibly too prone to accept some 
readily available mechanism rather than to attempt the more difficult 
enterprise of developing new devices. 

In particular, perhaps, the development and recently increasing uti- 
lization of mechanical equipment in the sewage works field may be noted 
as follows: 

(1) mechanically cleaned bar screens, even in comparatively small 

plants ; 

(2) mechanically cleaned grit chambers for storm and combined sewage ; 

(3) comminutors or disintegrators for bar screenings, returning these 
to the sewage behind the screens and in advance of sedimentation 
basins ; 

) mechanically cleaned sedimentation basins ; 

) rotary and reciprocating dosing mechanisms for trickling filters, 
following the practice developed and advanced in England many 
years ago but only recently introduced in the United States; 

(6) vacuum, centrifugal and other types of dewatering equipment for 
raw and digested sludges; 

(7) new and improved mechanical methods for drying sludges to powder 
form, with or without subsequent incineration. 

While a considerable amount of experimentation has been recently 
conducted with reference to the mechanical agitation of sludge in di- 
gestion tanks, the evidence respecting the advantage of such agitation 
is not altogether convincing. There is assuredly a tendency to construct 
‘sludge digestion tanks without special means of agitation other than 
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circulation by the use of the plant sludge pumps themselves, and, in 
general, to question the practical and economic value of more elaborate 


agitating devices. 


INCREASING USE OF SCREENINGS DISINTEGRATORS OR COMMINUTORS 


The work of the Chicago Sanitary District at the North Side plant 
demonstrated that bar screenings could be successfully disintegrated and 
returned to the sewage, thus eliminating the necessity for separate col- 
lection and disposal of this material, which hitherto had usually repre- 
sented a somewhat difficult problem. There is some danger of poor re- 
sults if the sereenings are so treated as to be difficult of subsidence and 
as to form seum. 

During the past two years a number of devices for grinding screen- 
ings have been developed and installed. One of the latest of these com- 
bines the procedure of screening and of comminuting the separated 
material in a single mechanism. 

More recently it has been proposed, where local conditions favor such 
a procedure, to deliver bar screenings direct to sludge digestion tanks, 
with or without disintegration. Such digestion tanks for small plants 
have recently been placed upon the market. 

Engineers must recognize and properly provide for the additional 
load of settleable solids, and perhaps an increased volume of scum as well, 
in some cases, consequent upon the return of the disintegrated screenings 


to the sewage. 


SCREENINGS INCINERATION 


The disposal of the relatively large volume of screenings removed 
from sewage by the process of fine screening has also presented a diffi- 
cult problem, and furthermore, one hitherto solved in most cases with but 
partial suecess. Sereenings from fine screens have variously been dis- 
posed of with the mixed city refuse, or by burial in pits or trenches, by 
composting, and by partial dewatering and incineration. Designing 
and operating engineers have long been awaiting the development of 
a simple, effective and economical screenings incinerator. 

By far the largest fine screen installation in America is at the Hy- 
perion Plant of the City of Los Angeles, treating an average daily flow 
of 130 million gallons. For many years the screenings have been ejected 
to elevated sand dunes where they have been buried in trenches. Dur- 
ing the past year works for the incineration of the screenings have been 
constructed and placed in successful operation. There is reason to be- 
lieve that this pioneer development will be followed by others. Briefly, 
the main features of the plant are: 
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an ejector tank providing sufficient storage to handle peak loads: 

(2) a continuous roll press or so-called filtering machine for partia 
dewatering the screenings; 

(3) astorage bin for the partially dewatered (70 + % moisture) pressed 
screenings, located immediately over the furnace ; 

(4) a high-temperature oil-burning incinerator or furnace, with suitable 
chimney, for the destruction of the screenings; 


~ 


ash handling equipment ; 


all necessary control and measuring apparatus; 
an industrial type of housing. 


PRE-TREATMENT OF SEWAGE TO REMOVE OIL, GREASE AND ScuUM 


The unwelcome occasional, if not persistent, appearance in recent 
years of large amounts of mineral oils in municipal sewages has been 
mentioned. 

When sewage is disposed of by dilution, the presence of oil and grease 
manifests itself on the surface of the water as sleek, a rather definite 
index of marked sewage pollution. 

The presence of mineral oils in aeration tanks of the activated sludge 
process has long been recognized, particularly in England, as a decided 
detriment. The high surface tension of oily sewage reduces the effi- 
ciency of aeration. Moreover, the presence of mineral oil in consider- 
able quantities may have a toxic effect on the biological organisms in- 
volved and may seriously interfere with their proper functioning. For 
years past, in Enelish plants utilizing mechanical types of aerators, 
such as the Simplex, the Sheffield paddle, and the like, castor oil rather 
than a mineral oil has been employed for the lubrication of the mecha- 
nisms. 

Oil and grease are always unsightly in sewage treatment plants, and 
further they may clog trickling filter nozzles, mechanical distributors, 
the surface of the stone in trickling filters and the sand surfaces of 
intermittent sand filters. Mineral oils may and probably sometimes 
actually do have an inhibiting effect upon the biological organisms asso- 
ciated with trickling and intermittent sand filters. 

The mechanical skimming devices operating in conjunction with 
sludge-removal equipment in sedimentation units have not been alto- 
gether satisfactory, due to a number of causes, among which may be 
mentioned the use of relatively crude and ineffective mechanisms, the 
adverse effect of winds with uncovered tanks, and the fact that the oil 
and grease may not rise to the surface within the given period of de- 
tention. 

It is the writer’s belief that even in relatively small plants, and par- 
ticularly those where the activated sludge process is employed, or where 
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an effluent is to be salvaged for industrial use, or where a_ partially 
treated sewage is to be utilized for irrigation, pre-treatment should be 
directed toward the effective removal of oil and grease. 

A few grease skimming tanks have been introduced in this country 
within recent years. It is understood that few, if any, of these have 
been really efficient because of basically poor and inadequate design. 

The best method of approach seems to be that first developed and 
introdueed by Dr. Karl Imhoff at the Essen-Rellinghausen plant in Ger- 
many, where aeration is employed to bring the oil and grease to the 
surface and cause it to float and travel laterally past baffles, behind 
which it will collect and can be removed by skimming or by flotation 
over weirs. If properly applied the volume of finely divided air re- 
quired in this scheme of oil and grease flotation is small. The necessary 
detention period is not long (from 5 to 10 or more minutes, according 
to cireumstances), nor are the structures and mechanisms involved 
unduly expensive, viewed from the standpoint of accrued benefits. 

A very considerable degree of development, both in procedure and 
removal mechanisms, may be anticipated in the near future. 

The removed oil, grease and scum will ordinarily be sent to the di- 
gestion tanks with the sludge removed from the sedimentation basins. 
The effect of oil and grease upon the process of digestion has not as yet 
been satisfactorily determined. It may be necessary to provide a some- 
what more generous storage allowance in digestion tanks to which un- 


usual quantities of oil and grease are delivered. 


Dk&VELOPMENT OF PRE-TREATMENT AS RELATED TO SEDIMENTATION 


It is safe to say that sanitary engineers are placing more and more 
stress upon effective pre-treatment of sewage. To an increasing extent, 
final processes of treatment are coming to be regarded as purely oxi- 
dizing and/or ‘‘polishing’’ processes, aimed not at the removal of sus- 
pended solids but rather at the oxidation of dissolved organic material 
and colloids which cannot be effectively treated and removed by pre- 
treatment. As much work as possible should be put upon the pre-treat- 
ment devices and as little as possible upon those effecting final treat- 
ment. It is expedient and more economical to remove the suspended 
solids to the greatest reasonable extent by subsidence and to dispose of 
the sludge by digestion or other means than to allow these solids to be 
carried through to the point where they must be cared for by the final 
treatment process. 

In general the procedure of subsidence has not yet been made as 
efficient as it should be and doubtless will be in the near future. More 


attention is now being given to proper proportioning of tanks, as re- 
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lated to depth, travel distance and velocities; to detention periods aid 
overflow rates; to inlet and effluent arrangements; and to methods aid 
means of preventing short-circuiting. 

Among many other factors, the effective subsidence of settlealle 
solids in sewage depends upon the length of time actually allotted to the 
process and upon the distance travelled. Engineers are beginning to 
appreciate the fact, demonstrated theoretically long since, that shallow 
basins, other things being equal, are more effective per unit of capacity 
than are deep basins. 

The best method of eliminating short circuiting, insofar as basin 
proportions are concerned, is to provide the greatest reasonable length 
or distance of forward travel, up to that limit which represents a trans- 
porting velocity for the type and size of particle which it is proposed 
to remove by subsidence. Even under the best conditions of depth vs. 
length, short circuiting to a degree will occur. It may be reduced ap- 
preciably by foreing the sewage to be diffused throughout the cross 
sectional area of the basin at the inlet end, and perhaps, if the adopted 
type of construction and the scum-sludge removal mechanisms will per- 
mit, at intermediate points as well. Diffusion baffles of the Sacramento 
type have proved in numerous cases to be very effective in increasing 
the efficiency of settling basins, both for sewage and water. If effluent 
collecting troughs are employed, careful attention must be given to their 
placement and their length. In general, their length should be con- 
siderably greater than that ordinarily found in existing settling basins, 
either primary or secondary. In some eases orifice flow into such 
troughs, above the hydraulic grade line therein, will be found to give 
more uniform results than will weir flow. 

Sedimentation basins of most rational and effective depth to meet all 
other conditions may be disastrously affected by wind. In some parts 
of the country winds persistently blow at relatively high velocities. 
Basins which, if covered or otherwise protected from winds, would be 
very efficient as clarifying devices, are caused to be quite inefficient be- 
cause of the agitation of their contents by winds. In localities subject 
to high winds sedimentation basins should be covered, or housed, if 
possible. Wind breaks of various sorts may be employed where the 
type of construction does not permit of covers and where housing is 
economically infeasible. 

The matter of the concentration of sludges removed from mechaniec- 
ally cleaned sedimentation basins appears to have received far less at- 
tention than it deserves. Extremely wet sludges are commonly with- 
drawn, whereas more concentrated material could doubtless be produced 
if proper methods were employed. In the larger sewage treatment works 
sludge thickening tanks can be utilized, but they would not ordinarily be 
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expected to be installed at the smaller plants. The German practice of 
providing deep sludge hoppers appears not to have been largely em- 
ployed in America. Sludge pumps are frequently of too great capacity 
and their operation at customary speeds results in the withdrawal of 


large quantities of water (sewage), with the consequent excessive dilu- 
tion of the sludge. Improved conditions would result from the use of 
deeper hoppers, smaller capacity pumps, and adequate means of sam- 
pling and of visually observing the condition of the sludge, either before 


or after pumping. 
DEVELOPMENT OF CHEMICAL TREATMENT 


Beginning about three years ago, in fact following shortly upon the 
commercial development and marketing of the ferric coagulants, but 
perhaps not wholly associated with that fact, a great deal of interest has 
been aroused among sanitary engineers, chemists and sewage works 
operators in the chemical treatment of sewage. To date, for the most 
part, this interest has been expressed in terms of experiment and dis- 
cussion. A few working plants of various types have been constructed, 
others are under design, and still others are proposed. It may be antici- 
pated that a considerable number of plants will be constructed within 
the next few years. 

At the present time, and probably always, the chemical treatment 
of sewage must be regarded as an intermediate process, yielding an 
efiluent of much better appearance and greater stability than ean be 
produced by plain subsidence alone, but generally of less satisfactory 
appearance and lower stability than effluents from the activated sludge 
process and trickling filtration, when operating under favorable condi- 
tions. However, the effluent of a suitably designed and operated chem- 
ical treatment plant is readily amenable to effective disinfection by 
chlorine and chlorine compounds and when so disinfected may have a 
stability sufficient to meet rather exacting conditions of ultimate dis- 
posal. 

[t would appear that there are many circumstances and conditions, 
considering the country at large, where a sewage effluent of the sort that 
may be produced by chemical treatment will be good enough and will 
fulfill all local hygienie and esthetie requirements. 

It has not yet been demonstrated how uniformly chemical treatment 
can be made to meet the changing character and varying volume of flow 
of sewage. Unquestionably, careful control will be found to be essen- 
tial. In the absence of direct evidence from widely extended experi- 
mental and practically operating plants, assurance upon this point must 
rest at present upon such experimental data as are available, upon the 
actual operating results of such few plants as have been constructed 
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and, perhaps, further, upon analogy with the clarification of vario 
types of water by chemical coagulation and subsidence. 

It must be remembered that chemical treatment of sewage, as it lias 
been practiced in the United States, was confined to precipitation usually 


with lime only, but occasionally also with lime and copperas or lime 

and alum, in old-time plants not provided with modern dosing, mixing 

and floe-conditioning devices or with mechanical methods of sludge re- 
moval. In contrast with such plants, present day chemical treatment 
plants have the benefit of improved practice and equipment. 

Among the various explanations which have been offered of the 
causes of the new interest in chemical treatment and amone the ad- 
vantages claimed by its proponents, the following are perhaps worthy 
of note: 

(1) the economic conditions of the last several years which have forced 
municipalities and sanitary districts to find cheaper methods of 
securing even the minimum of necessary performance ; 

(2) the recent commercial development and marketing of ferric chloride 
and perhaps other suitable coagulants at attractive prices; 

(3) in contrast with the older methods of ‘‘chemical precipitation’”’ 
(a) improved methods of application and mixing of the chem- 
icals and of conditioning the floc; (b) improved procedure of 
sedimentation, especially in small plants; (¢) improved methods 
of removing and handling the sludge; (d@) possibility of sludge 
digestion ; 

(4) the simplicity of design and relatively low cost of construction of 
chemical treatment plants; 

(5) the desirability of a type of treatment, intermediate both with re- 
spect to performance and costs, as between plain subsidence and 


final treatment by the activated sludge or trickling filter proe- 


esses, particularly for seasonal use. 






StuDGE HANDLING AND DISPOSAL 





Digestion.—The thermophilic digestion of sludge, upon which great 
hopes were placed three or four years ago, does not appear recently to 
have made much progress in a practical sense. Experimental investi- 
gation is still being pursued in some quarters and it is possible that 
successful results may ultimately be achieved. Its principal disadvan- 
tage has been the production of vile odors for which no means of pre- 
vention have been as yet discovered. Garbage is being successfully 
digested by thermogenic thermophiles. This type of organism may 
perhaps be incapable of utilization in sludge digestion, due to the ex- 


cessive moisture content of sludge or to other unknown causes. 
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High-temperature digestion within the mesophilic range, however, 
continues to make progress and has greatly reduced the period required 


and, consequently, the capacity or storage requirements of digestion 
tanks. This development has naturally diverted interest from thermo- 
philic digestion since the shorter time demanded by the latter process 
can no longer be expected to produce any great economic saving. 

Multiple-stage digestion is of comparatively recent origin and ap- 
pears to offer certain very definite advantages. Whether the optimum 
number of stages will be two or some larger number remains to be de- 
termined by practical experience. The pioneer work of the engineers 
of the Los Angeles County Sanitation Districts should be acknowledged 
in this connection. 

Sludge Drying.—A recent contribution to the art of sludge drying 
is represented by spray drying devices such as have been installed dur- 
ing the past year at the Joint Plainfield, North Plainfield and Dunellen 
Works, New Jersey. The economic success of such methods rests not 
alone upon the mechanism but as well upon a preliminary concentra- 
tion of the sludge. It is understood that progress is being made with 
other types of dewatering devices, such as centrifugal driers, and the 
like. Up to the present time and for several years vacuum drum filtra- 
tion has proven to be a very effective method of production of workable 
sludge cake, amenable to disposal by a number of methods. There is 
good reason to expect continued progress and ultimate success with a 
variety of devices, each of which may be found to occupy a more or 
less distinet field of application and usefulness. 

Incineration.—For a number of years the Chicago Sanitary District 
has been conducting experiments on a practical scale of various methods 
of sludge incineration. These investigations are still in progress and 
it is to be hoped that they will have proceeded to such a stage within 
the next few months that the results may be made public. 

Sludge As a Fertilizer.—The drying and grinding of activated sludge 
by usual methods and its sale as a fertilizer continues. More recently a 
sludge grinder advertised as a sludge disintegrator and blender has 
been developed for the purpose of breaking up and making utilizable 
for fertilizer purposes ordinary digested sludges from drying beds. 


Opor DESTRUCTION 


The City of Pasadena, California, has under design and construction 
a heat interchanger for the high-temperature destruction of obnoxious 
gases created in the process of drying activated sludge for fertilizer 
production in a common form of rotary drier or kiln. This wholly new 
device is known as the Cottrell-Royster furnace. The fundamental prin- 
ciples of this furnace were developed by Dr. F. G. Cottrell, Director, 














932 SEWAGE WORKS JOURNAL March, 


Fixed Nitrogen Research Laboratory, U. 8S. Department of Agriculti 
and by P. H. Royster, Bureau of Mines, U. 8. Department of Comme 
The application of this furnace to odor destruction was first demon- 
strated in the laboratories of the University of California by sanitary 
engineering students and later in practical tests at Pasadena. 

The Pasadena experiment will be watched with interest. If it proves 
to be successful there will undoubtedly be many possible applications 
in the sewage works field, particularly where odors from enclosed spaces 


must be disposed of without creating local nuisances. It will, of course, 
find many other applications in the broad field of sanitary engineering. 


SALVAGE OF SEWAGE FOR [RRIGATION AND INDUSTRIAL USE 


In the semi-arid sections of the country where water is at a premium 
and relatively high in cost, the treatment of sewage to the point where 
it can be utilized for irrigation and industrial use continues to make 
progress. One of the first installations of that sort was at the Grand 
Canyon, Arizona, in 1926. Here the sewage is treated by the activated 
sludge process and by subsequent rapid sand filtration and is wholly 
utilized in locomotive boilers, for the washing of company automobiles, 
for the flushing of public toilets, for the sprinkling of lawns and for the 


irrigation of gardens. 
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THE RATING OF SEWAGE TREATMENT WORKS. 
REPORT OF RATING COMMITTEE, NEW YORK 
STATE SEWAGE WORKS ASSOCIATION 


At the Oneonta meeting in October, 1934, the following resolution 
was unanimously adopted: 


“ Resolved, that a standing committee of three members, to be known as the ‘Rating 
Committee’ be appointed, the chairman to be a representative of the Division of Sani- 
tation, State Department of Health. It shall be the duty of this committee to make a 
report to the January, 1935, meeting of the New York State Sewage Works Association 
recommending a system of ratings for sewage treatment plants, based on the adequacy 
of operating data and records, irrespective of size of plant or type of treatment.”’ 


Acting under the authority of the above resolution, your committee 
has given this matter a great deal of careful consideration and study 
and has the honor to submit the following report. 

Your committee believes that it is practical to establish a system of 
rating that will be fair and equitable to all sewage plant operators, 
regardless of the size or type of plants under their supervision, and which 
will enable the operator of a small, simple plant to attain a given rating 
as readily as the operator of a large and more complex plant. Further- 
more, your committee feels that the adoption of such a system and 
cooperation of all operators in placing the plan in effect will be distinctly 
in the interests not only of sewage plant operators, but also in the interests 
of the profession as a whole. It is more than probable that if such a plan 
is adopted by this Association and whole-hearted cooperation is secured 
from the operators in this State that the system will promote improve- 
ment in the collection of the essential operating data and will serve as a 
basis for adoption in other states. 

In accordance with the foregoing purposes and objectives your 
committee recommends that the following plan be adopted and placed 
in effect by the New York State Sewage Works Association. 


PLAN FOR RATING OF SEWAGE TREATMENT Works ACCORDING TO 
ADEQUACY OF OPERATING DaTA AND RECORDS 


GENERAL 
|. A standing committee to be known as the Rating Committee shall 
be appointed by the New York State Sewage Works Association to act 
as the reviewing authority on reports submitted to it. 
2. The Rating Committee shall endeavor to enlist the cooperation of 
operators and to secure the submission of reports conforming in general 


to the outline or schedule contained in the Appendix attached hereto. 
233 


















234 SEWAGE WORKS JOURNAL March, 135 







3. The general basis for reports to be submitted to the Rating Com- 
mittee by plant operators shall be an annual report furnishing pertinent 
information concerning the plant and summary data for each month of 
plant operation. 

4. As a stimulus for the submission of such reports, a third Kenneth 
Allen Memorial Award shall be made available annually to the operator 
receiving the highest rating of the reports submitted, provided, howe er, 
that if the operator has already been the recipient of an annual award, 
such additional award shall be made by title only and the actual award 
shall be made to the operator receiving the next highest rating of the 
reports submitted. As a further stimulus for the submission of such 
reports, the Rating Committee shall write a special complimentary letter 
to the municipal officials commending each operator who submits a 
report for his participation in this enterprise. 

5. In the interest of disseminating information the Rating Committee 
should arrange for publication of the reports submitted if feasible. If 
many reports are submitted the Committee should prepare a summary 
and have this published. Publication of reports or data submitted to 
the Rating Committee will be conditioned on consent of local authorities. 

6. Ratings of the reports submitted shall be in accordance with the 
schedule of credits assigned in the attached outline which is based upon 
the recommendations made by the Committee on Sewage Works Oper- 
ating and Cost Records of the Federation of Sewage Works Associations 
as published in the January, 1932, issue of This Journal. 

7. In determining the final rating for each report the ratings for 
Schedules I, II, III, and IV shall be calculated separately, these ratings 
to comprise the ratio of the total credits assigned by the committee to 
the total possible credits that would be assigned for a perfect score for 
whatever treatment processes are employed at the particular plant, thus 
resolving the separate ratings for each schedule to a percentage basis. 
The final rating shall be calculated as follows: 

To the rating for schedule I, add six times the rating for schedule II, 
one times the rating for schedule III, and two times the rating for schedule 
IV, and divide by 10. 

8. The Committee is aware that in attempting to devise a rating 
system applicable to all types of sewage treatment, deficiencies of the 
proposed system will develop which call for modification from time to 
time. No change in the numerical rating, however, shall be made 
without being offered at the annual meeting and voted upon. 



















































EXPLANATORY 






The following condensed summary of the items and credits given in 
Schedules I, II, III and IV contained in the appendix attached hereto, 











ies. 
the 
pon 
er- 


ons 


for 
ngs 
» tO 
for 
hus 


SIS. 


II, 
ule 


ing 
the 

to 
ide 


in 


to, 














Vol. 7, No. 2 RATING OF SEWAGE TREATMENT WORKS 





235 


and the explanatory remarks which follow will facilitate an understanding 
of the general principles of the proposed rating system without detailed 


study of the schedules themselves. 


Condensed Summary of Rating Schedules 


Schedule I—Descriptive and General. ................... 


Schedule II—Operating Data and Practical Control Tests 

Ai AEE OUTIL S > ig Sere 8 wd im gusien ks Sy bie ow ee ws ROS 
B —Grease Removal (Separate Process) ........... 

Giga 0 CS) 0) a nn Pee PS 
| Ae 2 (ets 1 011 1: a ee a a 
Fy AS PAU I MUL ser areas sg ee ay toe edie stare seal mo 
F —Primary Sedimentation, Plain Tanks............ 
(' —Primary Sedimentation, Mechanical Tanks........ 
FY —NAAARNO UE SUANREIS  1 6 oo ec sree sd id gag nena wales BA 

je (irish! C2: a ra A eo 
SF REMIT ooh 5 44 256) 6.9 ats, aida Ra ances Rane 


[5 — ABO NEUEN Eso, oi s600s «ahs So OSS Mardis a kes 
lL —Secondary Sedimentation, Plain Tanks........... 
\J—Secondary Sedimentation, Mechanical Tanks...... 
N —Intermittent Sand Filters.................0c000- 
a Os) V1 0 7 Re a Ce ee 
P —Aeration Tanks (Activated Sludge).............. 
)—BiWdie WOIRESHION:. oi. cee ee ke bea weed bane een 
i Side MTV EUS... <5 ees eee coc soe vee hae 
| MIG AMIAIVRES.... 2.08552 cca b ewan edie oe es sare 


S 
7 —Vacuum Filters for Sludge Dewatering........... 


(’—Vacuum Filters Treating Sewage of Effluent....... 
Je (CTS 810) OR PN 
WY GAB ACONRCUION = 5 sao eae a Aides sos awiae ws 
AACE GPRS 50 Sins .cl'so1s5 Brea ler a bis Che bis nls slo OO 
Y —Chemical Precipitation. ....... 2.22 60s ccctes oes 

Dotal Credits Schedule IT... ....3...3260006% 


Schedule III—Analyses 
A —Raw or Bar-Screened Sewage...............20+: 
B—line Sereen Bivent:. ... 00.6 cock bees as awes 
Sa MEROND Gs Sia eos 54 Gea so eee ca Pewee 
D—BFitehed imuent «<<< 4.06 ac 4 Secs sede S seas 
fe 1 RILEY oS and K cla eee we Bi 
F —Stream Above and Below Plant............. 


Total Credits Schedule III.................. 


Schedule IV—Cost Data 
A —Original Plant and Additions.................... 
B —Maintenance and Operation....................:. 


‘Lotel Credits Schedule Ly :..:c s...052..00se neal 


No. 
Items 


18 


Credits 


50 

50 

50 
100 
100 
100 
100 
100 

50 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

50 

50 
100 


100 
100 
100 
100 
100 
100 


50 
100 


Total 


Credits 


100 


2200 


600 
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Since the items applicable to each plant are scored on a percentage basis, the perfect 
score would be: 


















Schedule I......... SR My eee Rite cars nop Sree ne Waa rhe 100 x 1 = 100 

~ | eee Sa Se a Re iy aN oe Spee ae, ea irc a 100 x 6 = 600 

“y Ill Di eiakya eA gre RR ROR ie ho hh ets 100 x 1 = 100 

cs DO OE a Rang ee Us Dace te AU IAy erste 100: <2'= 200 
Be, Sos 5% en Se REE EE Pee EEE 1000 

Rating 1/10 of total = 100 


As an example of how the lettered items indicated in the above 
condensed summary are broken down into separate items in the detailed 
schedules, items II-R and III-C will be given as they appear in the 
schedule contained in the appendix. The other lettered items are 
similarly broken down into a number of separate items. 


Schedule II 
R. Sludge Drying Beds 


Item Reported Upon Credits 
1. Type of beds, number of units, depth sand, and total area......... 10 
2. Average depth of dose of wet sludge on bed...................... 10 
3. pH (average) of sludge as applied to beds....................... 10 
4. Maximum, minimum and average drying time for sludge........ « 10 
5. Amount and kind of chemicals used to condition sludge as applied to 
oe PAD SS Re Re re are Oa ean oo 10 
6. Cu. ft. wet sludge applied during each month and how measured..... 10 
7. Cu. ft. air dried sludge removed during each month and cu. ft. per 
MG. annually..... fag Vig II 2 EE pe ee a ee a en 20 
8. Disposal of sludge bed drainage....................005- Seo ee |. 
9 Method of handling and disposal of dried sludge................. 10 
Motel Credits TOr Periech BOOTS... ook cee sewer cs ess 100 j 
Schedule III 3 


C. Settled or Clarified Effluent Analyses 
(To be submitted from all plants serving more than 10,000 and from all other 








plants where the necessary laboratory equipment is provided.) 








Item Reported Upon Credits MH 
1. General method of sampling ....................- ee oa eee See 
2. B.O.D. (5 day at 20°) : 
(a) No. of teste made Gach month... ............5..0285. nena 40 3 
(b) Average during each month............:.......... sic. Oo 
ic) “Beam Citing GaCh MONth ... «i ei ewes 10 
(d) Minimum during each month....... bikes bird Sie neice ere aN | 
3. Suspended solids 
(a) No. of tests made each month eerie cet ee ei ct Leon ize ad 10 
(5); Avenee Orin GAONINONUN. 5 so. nce cS cesses twee es ees 10 
(c) Maximum during each month ae ae ee eee aA, See 10 








(d) Minimum during each month........................ 





A otal MICS TOr PEMeCl BOOTS... 6656 66. oe ese ese ees 
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The following example will indicate how the rating system would be 
applied to a report covering operation of a plant consisting of a bar 
screen, primary sedimentation tanks with mechanical sludge removal, 
sludge digestion tank, gas collection, chlorination, and glass-covered 
sludge drying beds. The report would in general be expected to follow 
the outline as given in the Appendix, the data and information being 
supplied under appropriate headings to enable rapid checking against 
the items for which credits are given. Where all of the information 
asked for under each item is given, full credit would be allowed. In 
case of incomplete or partial answers, credits would be allowed in pro- 
portion to the completeness of the data furnished. 

Assume that in Schedule I complete data are furnished for all items 
except items 15, 16 and 17 (which relate to average, maximum, and 
minimum estimated or measured daily sewage flows). The total allow- 
able credits for these three items are 14 out of a possible 100. Under 
this assumption, the rating for Schedule I would be 86 per cent. 

Items 1 and 2 of Schedule I will indicate the sections of Schedule II 
which are to be used. In this example the report would be expected to 
include data and information for the following: 


II—C’. Coarse Sereens (4 items with possible credits totaling 50) 
G. Primary Sedimentation (Tanks with Mechanical Equipment) (8 items with 
possible credits totaling 100) 
0. Chlorination (7 items with possible credits totaling 100) 
(J. Sludge Digestion Tanks (12 items with possible credits totaling 100) 
Rk. Sludge Drying Beds (9 items with possible credits totaling 100) 
S. Sludge Analyses (7 items with possible credits totaling 100) 
WW”. Gas Collection (4 items with possible credits totaling 50) 
X. Gas Utilization (3 items with possible credits totaling 50) 


Assume that for Schedule II the report supplies full information and 
data except for Section S and item 3 of Section W (Average CO: content 
of gas each month). The total possible credits for Sections II—C, G, O, 
Q, Rk, S, W, and X above are 650. Under the foregoing assumption the 
total credits that would be allowed are 540. The rating for Schedule II 
would therefore be calculated as 540/650 or 83.1 per cent. 

Assume now that the plant serves a population of 5000 and has 
laboratory equipment for determination of B.O.D.’s but no equipment 
for suspended solids tests. For Schedule III data would then be expected 
to be submitted on the following sections: 


III—A. Raw or Bar Sereened Sewage Analyses. 
Item 1. (General method sampling, ete.—total possible credits = 20) 
Item 2. (B.O.D. data—total possible credits = 40) 
Item 3. (suspended solids—no data would be expected) 
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’, Settled or Clarified Effluent Analyses. 
Item 1. (total possible credits = 20) 
Item 2. (total possible credits = 40) 


























F, Analyses—Stream above and below plant outlet. 
Item 1. (total possible credits = 20) 
Item 2. (Estimate of stream flow—total possible credits = 20) 
Item 3. (B.O.D. data—total possible credits = 20) 
Item 4. (D.O. data—total possible credits = 20) 
Item 5. (Relative stability data—total possible credits = 20) 


Assume that complete data are furnished for all sections in Schedule 
III except items 4 and 5 of Section F. The total possible credits for 
Schedule III would be 220 and the credits that would be allowed under 
the above assumptions would be 180. The rating for Schedule III would 
therefore be calculated as 180/220 or 81.8 per cent. 

Assume that for Schedule IV on Cost Data complete data are fur- 
nished on all items in Sections A and B. The rating for Schedule IV 
would therefore be 150/150 = 100 per cent. 

Recapitulating, the ratings for each schedule and the final rating 
would be as follows: 

Rating Weight Total 








Schedule I eae ee C6 XK 1 = BD 
Schedule II .. 83.1 XK 6 = 498.6 
Schedule III eek pdacke ce, NGS Ok aL =: BIS 
Ue 3. | ee seevaaee LOD “XK 2 = 290 
866.4 
" ’ 866.4 , 
Final Rating = n= 86.64 per cent. ) 
Respectfully submitted, é 


WELLINGTON DONALDSON 
JoHN R. DowNEs 

A. F. Daprrert, Chairman 
Committee on Rating 
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APPENDIX 
OuTLINE Form or REporTS TO BE SUBMITTED TO RATING COMMITTEE AND CREDITS TO 
Bre ASSIGNED IN THE CALCULATION OF FINAL RATINGS 
Schedule I 
Descriptive and General Information 
(Required in all reports regardless of type or size of plant) 
Item Reported Upon Credits 
lule 1. List of all treatment processes in sequence of sewage flow, such as bar screens, 
for fine screens, grit chambers, Imhoff tanks, trickling filters, final settling 
der isierics eh CITRON. BE ce ket oc hp Shh eek a pala dL waeee 10 
ld 2. List of all sludge treatment and accessory processes, such as sludge digestion 
ince tanks, sludge drying beds, incinerators, vacuum filters, ete... ............ 10 
3. Gravity flow to plant or is sewage or effluent pumped? Explain............ 4 
fur- L. -Date DIRE WAR AIACEE BUNOPCIAMIONS 666 oes ck sce enh en ed ee ee Saeaes ces 4 
[IV 5. Design basis of original sewage works as to volume of sewage to be treated and 
PUOWMAMON TOG SURUGUE.. 2iirx, yee inh y wcin na eats gy) Selo wel ae cere heer 8 
~_ 6. Date and nature of subsequent additions.................ccc ec ccceecees 4 
a 7. Present population served and how obtained...................... ee te, 
: 8. Separate or combined sewers and percentage of each..................4-. 5 
9. Storm water diversion outlets or bypasses and the number of days each 
month Such Gevices Are M-OperauiOh: 2... ee kc ce cece vase cele 
10. Nature and importance of industrial wastes tributary to sewage works. ...... 5 
11. Method of measuring or estimating sewage flow..................... 5 
12. General purpose of sewage treatment such as protection of down-stream 
water supply, prevent nuisance conditions, etc... ..............2.00 e008 + 
13. Are separate meters available at plant for proportioning power consumed by 


) Ss LELOUTSBY 0,0 (tc: S SIE 1 ea Ra ae Aa t= ican eter aa mT Red Ar fe Oe 5 

; 14. Total electrie power used each month in K.W.H. and power used separately 

by each unit in treatment process for which a separate meter is available... 6 

15. Average daily sewage flow entering plant foreach month.................. 6 
16. Maximum daily sewage flow entering plant in each month................ 4 
17. Minimum daily sewage flow entering plant in each month. ............... 4 


18. List of employees at plant and approximate time spent by each in operating or 
SETUP ULI S120) 009 7 Sao ee se a a CaP aN 4 


Total credits in Schedule I for perfect score ..............0.00000 100 


Schedule II 


oP RS + 


Operating Data and Practical Control Tests 


), (Rating shall be applied to all of those sections indicated by items 1 and 2 in Schedule I. 
Omit rating on the sections below which do not apply) 

A. Grit Chambers 

Item Reported Upon Credits 

= 1. Type of grit chamber or detritor, average velocity, average detention period, 

a ale teen OT METS verso hh Mec corre oy urdu actrees OS 
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3. Cubic feet of grit removed each month and cu. ft. per M.G 
4. Method of handling and grit disposal.....................0ceeeeccueees 10 


eee 
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Total credits for perfect score 


Grease Removal (If separate from and in addition to items FZ, F, and G of this 


schedule) 
Item Reported Upon Credits 
. Type of device. Describe essential features............0...00 00000 cee eee 10 
PURCIRMITIMICY OTUETORSD SOINOVAN 25 oc. coe s.0 sos oS isd owl voce ececnccscacws 10 
. Cubic feet of grease removed each month and cu. ft. per M.G............. 20 
. Method of handling and disposal of grease..................2..2....... 10 
Retal eredits TOK MEriOCt BOOTS . 6 6. oo wc cee ees ee bane es 50 
", Coarse Screens 
Item Reported Upon Credits 
Type of screen, number of units, and clear openings between bars......... 10 
RR MENCY MI SCPOPIINIS TOMOVAN 66565 <iiares Oe a op das bos cS aee esas ete 10 
Cubic feet of screenings removed each month and cubic feet per M.G....... 20 
Method of handling and disposal of screenings. ................2.2000005 10 
BURL CORGIES TOP WOTICED OCONO =. 5. as wesc oss we vases ees seeees 50 
Fine Screens 
Item Reported Upon Credits 
Type of screen, rated capacity, number of units, and clear openings....... 25 
Cubic feet of screenings removed each month and cubic feet per M.G....... 30 


Method of handling and disposal of screenings... ...............2..00005. 25 
4. Average dry solids content of screenings removed each month............ 20 
POA OPEUIUS TOP DETICCE BOONE... ccs ccecek as es esa esseresescus 100 
E. Septic Tanks 
Item Reported Upon Credits 

1. Type of tanks, total capacity and number of units...................... 10 
2. Detention period based on average sewage flow... ........0....2-.000005- 10 
On SSO eo TT) LE Se rr 10 
4. Cubic feet of sludge and scum removed each year and cubic feet per M.G... 20 
5. sept Of sludge in tank each month .................. 260 cee eee eee 10 
Beano Or SU) I TANK GACH MODE «ow oii ck ds ee a eee eee ee eee 10 

7. Settleable solids in influent—e.c. per liter (1 hr.) 
(a) Number of tests made during each month. .....................-. 3 
(b) Average of all readings for each month.....................2.05. | 
(c) Maximum reading during each month....................000005: { 
(ad) Minimum reading during each month......................002005 1 

8. Settleable solids in effluent—e.c. per liter (1 hr.) 
(a) Number of tests made during each month.....................00- 3 
(b) Average of all readings for each month................. 00.000 e ee 4 
(c) Maximum reading during each month....................000008 | 
(d) Minimum reading during each month...................000ee cece 4 


Dis DAL eHOILS FOP OTTOOL BOONE . 5.5.6. 0:02 5.05 Sasso ik ceca as maraieeieees 
























0 


its 
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Primary Sedimentation (plain tanks—separate digestion) 
Item Reported Upon Credits 
1.. Type of tanks, capacity and number Of units. .. . . 2.2.5.6. cece eee cneees 10 
2. Detention period based on average sewage flow.................-02ee08- 5 
3. Frequency of sludge withdrawal to digestor....................0 eee eeee 5 
b, Tineuneney OlmC mm CRO WAN nc. onic), othe ae aele a's occas coud aretn de Kes gee ree 5 
: 5. Cu. ft. of sludge removed each month and cu. ft. per M.G................ 25 
; 6. Cu. ft. of scum removed each month and cu. ft. per M.G................. 10 
7. Settleable solids in influent—ce.c. per liter (1 hr.) 
(a) Number of tests made during each month........................ 5 
(b) Average of daily readings for each month.....................05+ 5 
(c) Maximum reading during each month...................sceeeees 5 
(d) Minimum reading during each month...................502eee eee 5 
8. Settleable solids in effluent—c.c. per liter (1 hr.) 
(a) Number of tests made during each month.......................- 5 
(b) Average of daily readings for each month....................60-- 5 
(c) Maximum reading during each month...................02eeeeee 5 
(d) Minimum reading during each month... ..............000cecceeee 5 
POLAT CPOGIIS TOP PORTCLU REOLE oie. S5.00a Sa6 sss spans abe 3 3 snncele so ewes eats 100 
G. Primary Sedimentation (tanks with mechanical equipment) 
Item Reported Upon Credits 
1. Type of tanks, mechanical equipment, capacity and number of units....... 10 
2. Detention period based on average sewage flow.....................005- 10 
3. Frequency and average daily time sludge mechanism operated............ 10 
4. Frequency of sludge withdrawal to digestor................ 00 ccc ec eeeee 10 
5. Cubic feet of sludge removed during each month and cubic feet per M.G.... 10 
6. Cubie feet of skimmings removed during each month and cubic feet per M.G. 10 
} 7. Settleable solids in influent—c.c. per liter (1 hr.) 
ui (a) Number of tests made during each month........................ 5 
ke (b) Average of daily readings for each month.................0.0 000s 5 
(c) Maximum daily reading during each month...................... 5 
(d) Minimum daily reading during each month. ..................004. 5 
8. Settleable solids in effluent—ce.c. per liter (1 hr.) 
(a) Number of tests made during each month.......................-. 5 
(b) Average of daily readings for each month....................005 5 
(c) Maximum daily reading during each month....................4. 5 
(d) Minimum daily reading during each month.....................5. 5 
Ri ‘TOtal Cledits TOF Pemeeh SCOLE 66 e. 4 . 5 ois sce es ace Coie S dew peel sieleeiewre 100 
4 H. Imhoff Tanks 
hd Item Reported Upon Credits 
) 1. Type of tanks, settling capacities and number of units................... 5 
2. Detention period based on average sewage flow..............0.000eeeeee 5 
3. Total available sludge digestion capacity, 18’ below slot—cu. feet......... 5 
i b. PYEGUEHGEY Ol SINdMO WIKORA WANE: 55/9560 8 x5 te oda on ote mamma sau. o bere 2 
5. Cu. ft. of sludge removed each month and cu. ft. per M.G. annually....... 10 
6.. Total atudge in tanks each month (GWstts). 2 oi... aces oils .c vein bia nese 10 


7. Depth:of sctim in.gas vents GACH Month <j. 662 60s bce cle paw eeirn leila ca nace 
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Average pH of sludge in tank each month................. 2.0000 ce cues 
. Frequency of squeegeeing, skimming, hosing, ete.....................0. 
10. Cu. ft. of skimmings removed each month and cu. ft. per M.G. .......... 
11. Method of disposal of skimmings and gas vent scum.................... 
12. Kind and amounts of chemicals used to aid digestion each month. 

13. Settleable solids in influent—c.c. per liter (1 hr.) 

(a) Number of tests made during each month....................... 
(b) Average of daily readings for each month.....................4. 


© 





. 




























(d) Minimum daily reading in each month.......................44. 
14 Settleable solids in effluent—c.c. per liter 1 (hr.) 


I. Dosing Device 
Item Reported Upon 

1. Type (single, or twin, etc.), capacity, no. of units, etc.................... 
2. No. of siphons in each unit and alternating arrangement................. 
3. Average time required for dosing tank to fill...........................8. 
4. Average time required for dosing tank discharge...................0.04. 
aS ee AAITIE BIST MAOBES 0653. s o sie ale cies be phe 466 86 800d Meese ees ieueese 
6. Frequency of cleaning... . . eM Pe ghh eet, Retest kOe ee ie Soe 


MOtrs Gnedtis Tor etleCt BOOLE:..f 5s... sce weiss ee seca wee des aes 


J. Trickling Filters 
Item Reported Upon 


Serene NRE RETINTOOE ANT MRTMNUB:, 5g sw coe Sedv st 5 4 u'esinle bm 6.)0 dole ggiei ge oo © vibe 46s 
rN EES IEA CASE CURERIOT og lon coe oie ace 9 6 SA uw Db oa R ad ow vd-a 0.6059 5, 018 
oe PS PISCE 2 tro) ee ee ee 
4. Type of distributors, nozzles, ete. Leite e eA Sains 5 alee koe sip hewn 
5. Frequency and extent of nozzle and distributor cleaning . 

6. Condition of bed with reference to pooling, growths, ice, fliea, ehcie, ony 


SINE DR Ne ee LR OL OSs iy, o os Soa 0 ard WOO. S hosa wie 4 6" 
7. Settleable solids in efhuent—c.c. per liter (1 hr.) 

(a) Number of tests made during each month....................-4-. 

(b) Average daily reading for each month... .......0.....2.2 02 eee eee 

(c) Maximum daily reading in each month....................00005- 

(d) Minimum daily reading for each month...................2.0006- 
8. Relative stability of effluent 

(a) Number of tests made during each month...................00085 

[)) Awerawe SIA UItY GUTNE MONI... ... oc  ch os eee ees s eeeeee 

(c) Maximum stability during month . ..........00 605 ce ee eeees 
(qd) Pimmimum stability during Month . ..... 20... kee eee eaees 












SHOUE OROING TOE TICTEOOU BOOIO 555.55 one o 65.55 Gio 6 0 civ. a win onie's 820 


Mare 


(c) Maximum daily reading in each month....................2..00. 5 
(d) Minimum daily reading in each month......................02005 5 


h, 


(c) Maximum daily reading for each month......................4.. 


(a) Number of tests made during each month........................ 5 
(b) Average of daily readings for each month.....................45. 


pV Reco rch tO em Cay ict We), a a a ae 100 


Credits 
10 
10 
10 
10 
10 


10 
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Item Reported Upon Credits 
i. Aves sae pte ane NUMMOr UL Weds raj Secs shee Cae oodles eee saa Hota 10 
UB TSES TV LOL hos GL cb | 2). a a ea 10 
CRRQENSL ES Sri Ys DI a ec cin SNe an ger a a a Meee, nes rar 10 
4. Settleable solids in effluent—e.c. per liter (1 hr.) 
(a) Number of tests made during each month................... 5 
(b) Average daily reading in each month.....................00 cece 10 
(c) Maximum daily reading for each month....................0000. 10 
; (d) Minimum daily reading for each month.....................0205 10 
5. Relative stability of effluent 
(a) Number of tests made during each month........................ 5 
(b) Average stability during each month................... cece cues 10 
(c) Maximum stability during each month. . . rt ueee ee 10 
(d) Minimum stability during each month. .....................2000 10 
MOUACREGIUS TOP POrreGG SCOLO% c- 50 505% oss vn Fa Swe ae-om 8 ag bec bene 100 
L. Secondary Sedimentation (plain tanks) 
Item Reported Upon Credits 
1. Type of tanks, capacity and no. OF Units... . ... 6 cca d eevee. ee ens 10 
2. Detention period based on average sewage flow. ................-0002005 10 
SG) PVCGUENEY Ol SiGe WAUNUTA WEN ote So ye0kolae + ce bo wo hyavettid we Wialeesieeae 10 
1. Cu. ft. of sludge removed each month and cu. ft. per M.G................ 20 
Ds DRA AE RUIONEE oreo coors cree ee stele A RUA Hoes a rid-ots, athe ie, Bin Sek Wee einai whim 10 
6. Settleable solids in effluent—c.c. per liter (1 hr.) 
(a) Number of tests made during each month........................ 5 
(b) Average daily reading during each month........................ 5 
(c) Maximum daily reading during each month...................... 5 
(d) Minimum daily reading during each month....................... 5 
7. Relative stability 
(a). Number of tests made during each month. ....................... 5 
(b) Average stability during each month........................0005 5 
(c) Maximum stability during each month.........................% 5 
(d) Minimum stability during each month.........................-. 5 
Wotal-credite {On POrrecy SOGIes: .. es. oc dase ceed ea bossa nnn ees 100 
M. Secondary Sedimentation (mechanical equipment) 
Item Reported Upon Credits 
1. Type of tanks, mechanical equipment, capacity, and number of units...... 10 
2. Detention period based on average sewage flow..................0000005 10 
3. Frequency and average daily time sludge mechanism operated............ 5 
4, Frequency of sludge withdrawal... 64 i. J. ci. e i nee e cde ae twe das nc bweae 5 
5. Cu. ft. of sludge removed during each month and cu. ft. per M.G... 20 
Oy SUISSE MITC so ee, Sang a biG nah anette alten Taos 6 ae ee Snes Swe C UNCLE a's 0 elu 10 
7. Settleable solids in effluent—c.c. per liter (1 hr.) 
(a) Number of tests made during each month........................ 5 
(b) Average daily reading during each month........................ 5 
(c) Maximum daily reading during each month...................... 5 


(d) Minimum daily reading during each month................. 
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8. Relative stability of effluent 
(a) Number of tests made during each month 
(b) Average daily reading during each month 
(c) Maximum daily reading during each month 
(d) Minimum daily reading during each month 


Total credits for perfect score 


’. Intermittent Sand Filters 
Item Reported Upon Credits 

Fe eU MS MRNDER TRIN TETIISOR’ MOT UTILS 2.555 25.6 0-0 s0i5 4.6 esd $5.6 20 6 4d So hoa Ss ee es oe Fo 64 ss 10 
. Area and depth of filter 
. Kind and size of filter media 
. Method and frequency of bed scraping, conditioning, cleaning, etc. 
. Cu. ft. sand removed annually 
. Cu. ft. sand replaced annually 
. Million gallons of sewage applied per acre between rest periods 
. Average period filter units are out of service for cleaning 
. Condition of bed with reference to clogging, pooling, ice, etc., each month. . 
. Relative stability of effluent 

(a) Number of tests made during each month 

(b) Average stability during each month 

(c) Maximum stability during each month.......................0.4. 

(d) Minimum stability during each month 


me wh 


_ 
COONAN 





Total credits for perfect score. ....... 


. Chlorination. (Data for item 7 must be supplied to receive full credit when 
in judgment of Committee B. coli tests are regarded as essential.) 


Item Reported Upon Credits 
VDD Or COUIIMeENt AN NO, OF WNNS. 5c. osc oe cs ses eee see e ee beees 10 
. Points of application 
. General purpose of chlorine treatment......... 
. Lbs. chlorine used each month and lbs. per M.G. 
5. Contact period for chlorine reaction. . 
. Residual chlorine (p.p.m.) . . 
(a) Frequency of residual chlorine tests 
(b) Average during each month 
(c) Maximum during each month 
(d) Minimum during each month 
. Statement relative to method and frequency of making B. coli tests on final 
effluent 


Total credits for perfect score 
. Aeration Tanks (activated sludge) 
Item Reported Upon Credits 
. Type of tanks, depth below flow line, type and depth of diffusors, of tanks, 
and no. of units. . 


2. Aeration period based upon average sewage flow plus returned sludge 
3. Air used per gallon of sewage flow for each month 
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Ratio of sludge returned to average sewage flow each month.............. 
5. Settleable solids in aeration tanks. Percent by volume settling in 1% hr. 
(@) CANON IOl COnUR cy sie So ecice ca tye cin FSG Se sald cd rare Dasiels ees 3 
(6) Averame xturmrenon mionth:. 805% fori co foie oat oe wae dh onde ateete s 4 
§ (c) Wiaeumum dere ener amontns .05 2. ies ees che ease ed SS kie ale 4 
(da) Riri Curie CACH MIOMGN. | 6.0 6s ea ehv ese case ea aee eek 4 
6. Suspended solids in aeration tanks—p.p.m. 
a it) Me POICNOYOGNORUS 6 oiarans a tatiana 2s aad ee sae Vda Sebo Soere ee 3 
: (b): Apernt@e Giriney CAD MONG 6.5. 5 oi6ccc 5 rie oa a 8 a sines Soar ob ware Cane 4 
Hts (c) Masamemyiaurinprenclr MORON: 6... is bs eee cs bs Saab tees 8 als t 
U (d) ena rine each Month’... . oo... oc oe Sek an baste cies terelee 4 
) 7. Suspended solids in returned sludge—p.p.m. 
) COUN TS a | SEI ea ee See 3 
) (Db): Rayprace Gann eneh MONON. gs. .sio oc es eo ce He lawtes eves sneer = 4 
) (c) Asm Gun Gaol MONI. . a ce on lease eed ce ee a Cen cews 4 
) (ii): Winimtn sa iring GAG MOULD... = 6. icc. oc cece cence ee ee ences 1 
) 8. Suspended solids in secondary clarifier effluent 
) COUPEE 2a OKC) 110221): Wem mee ae ea eg 3 
| i (6) “Average GUriimreaCh. MONUW. . 6. siieirn Seco Ch5 45s eele wom t-eavee sci t 
i (c) Maximumirduring Gach mont... 6.6 oe eee ee ke deans cease sancce 4 
| ; (d); Whininnvima: during each month: 66 6 ob ce cs eed nee ee denne es 4 
‘ 9. Air pressure at compressor discharge or R.P.M. of mechanical aerators 5 
M 10. Excess sludge 
3 (a) Total cu. ft. removed monthly, cu. ft. per M.G. annually and method 
Peri boy 20,20 ap aa eR a ee ae etc Ry ae ene rye fae 5 
11. Information on frequency and extent of sludge bulking.................. 5 
12. Sludge index (Mohlman’s—see SEWAGE WorKS JOURNAL (1934) 6: 21) 
Average and range during each month... .. 2.6... ceca ec ewes e nee 5 
ts POtal QreGHS TOF PELIeel SCOLG <:, <¢:6 8-0 viecie cc Fibs bisiavnce late scwloreler 100 
Q. Sludge Digestion Tanks 
Item Reported Upon Credits 
1. Type of digestion tank, no. of units, total capacity, and appurtenances 10 
2. Digestion capacity actually used, based on average liquid level in tanks.... 10 
3. Average digestion temperature of sludge each month.................... 10 
L, AVGIAGS Pi Of SlUUPe CACH MONON 66255 octoe cae eased wuplsia a aecelyy isco caueo iy sus 10 
5. Kind and amounts of chemicals used to aid digestion monthly............ 10 
6. Average volume of heating water used daily..................c0eceeeee 5 
7. Average temperature of heating water to digestor for each month......... 5 
8. Average temperature of heating water from digestor for each month....... 5 
9. Cu. ft. of sludge removed from digestor each month and cu. ft. per M.G. 
"iT 11172. 1 Se A aaa Mr men PGs nee ae Pd a ae re Pee Meer gk oe? An 20 
10; 450s 86.508 GIGe Ty MAES CRON IDONGR «66.525 s-o slole ine wed ajo elo oo ee enc tie aan’ 5 
11. Sludge liquor (supernatant)—method of disposal. ....................04- 5 
12. Comments with reference to operating difficulties....................... 5 
"EOUAL CEEGIIS TOI PelleGl SOME. s-. 60 ie ss iw bk bbe owe nan ends 100 
; R. Sludge Drying Beds 
Item Reported Upon Credits 
|. Type of beds, number of units, depth sand, and total area............... 10 
2, Average depth of dose of wet sludge on bed... ........ cc ccecccceveeeees 10 
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3. pH (average) of sludge as applied to beds... .............. 0.0. c eee eees 
4. Maximum, minimum and average drying time for sludge 
5. Amount and kind of chemicals used to condition sludge as applied to beds. . 
6. Cu. ft. wet sludge applied during each month and how measured 
7. Cu. ft. air dried sludge removed during each month and cu. ft. per M.G. 
annually 

. Disposal of sludge bed drainage 

9. Method of handling and disposal of dried sludge 


Total credits for perfect score 


». Sludge Analyses 
Item Reported Upon 
. State frequency of sampling and facilities for measurements and weighings 
. Dry solids % in primary sludge (except Imhoff, plain and septic tanks) . 
3. Dry solids % in digested sludge to beds or lagoons 
ory soude 9, .4an air-dned siidge from beds. ©... 6... iin ee ko bs oc oe es. 
Average pounds (dry basis) of raw sludge solids per M.G, sewage treated, 
annually 
Average pounds (dry be asis) of digo sted sludge solids per M.G, sewage treated, 
annually 
Average pounds per capita daily of raw solids recovered as sludge, annually 20 


Total credits for perfect score 
Vacuum Filters for Sludge Dewatering 


Item Reported Upon Credits 
Type of filter, dimensions, number of units and total filtering area......... 10 
. Vacuum maintained on filter 
. No. days filter operated each month 
. No. filter hours during each month (sum of all units) 
5. Chemicals used for conditioning in lbs. per 100 Ibs. of dry sewage solids 
Average thickness of filter cake, inches....... 
. Pounds of wet filter cake produced monthly 
. Dry solids content of filter cake, % 
. Equivalent Ibs. of dry solids in cake quithdy and Ibs. per M.G. sewage flow. 
. Yield, dry sewage solids Lbs./Sq. Ft./Hr......... 
. Method of handling and disposal of cake 


Total credits for perfect score 
’, Vacuum Filters for Treating Sewage or Effluent 


Item Reported Upon 
. Type of filter, dimensions, number of units and total filtering area 
. No. days filters operated during month 
. No. filter hours during month (sum of all units) 
. Vacuum maintained on filter 
Chemicals or filter medium, pounds used monthly and pounds per ! 
PONE GaniCacnpes wr MLCT DAKO, INCHES... . so. oc cc eee cece cece eee 
. Pounds of wet cake monthly and pounds per M.G 
. Dry solids content of filter cake 


ONDA wwe 


were Oh aie ee RLU AR bein 











Nitbearins 




















Vol. 7, No. 2 RATING OF SEWAGE TREATMENT WORKS 





Totaleredite for METieCh SCOTOR 5. se 6 psc 5 ce eee ced wei ces 


V. Incineration 
Item Reported Upon 


. Preliminary drying or dewatering arrangements and results of treatment 


oF Oh 


7. Tons of dry sludge or screenings solids per M.G. of sewage flow monthly... . 
8. Average daily time incinerator is in operation...................00005. 


9. Average volatile content of incinerator ash 


10: Comments on Operating GiMicdlties .. ics ea cece eee deere cece 


Motel eredits Tor Perrech SCOLE 6.6. Sos osc oasis va g's ee bs bees oes 


W. Gas Collection 
Item Reported Upon 


1. Type of collector, gas-holder, appurtenances, etc...................266- 
2. Cu. ft. of gas produced 
ia) Averatec dany fer each MONUN. 66. hoo sees hae betwee ee oe eee 
(0) Biaxin any tor Cae MONO... 6.6.6. esis eesti wn nee ot 
(c)’ Minimum -Gaily fOr GACH MONE. . <5 sce ss eo se ee 8 bee oeie's 
3. Average COz content of gas each month................ cece cece eee eee 
Aa PANE CEAURUE TS WVU TUNRUEN bo. ob 00, Gis bm yea vec s/G eiarae ioc o lade velar anaiale Gus oh aie codes te enees 


Ota Credits TOY Perec SCOT... ..45 2.05.06 ce els wedi ee pedses ees 


X. Gas Utilization 


Item Reported Upon 


a 


e.5 


\verage daily cu. ft. of gas used in each unit for each month 


EOP CPEUIUS TOP MEPCCE SOOLG 5.5. 6)5. 6.5.0 <4. 6 sare. 0:0 pele v.0s0-8 Beare 


Y. Chemical Precipitation 


Item Reported Upon 


oor wd 


~I 


(oe) 


9. Suspended solids of influent, p.p.m., average monthly.................. 
10. Suspended solids of effluent, p.p.m., average monthly.................. 
11. Method of handling and disposal of filter cakes...................005- 


., Lype, uInber OL UNIS ANG Tate CAPACILY : 65... See basse nne essa 
. Temperature in combustion chamber (average)................00-000 005 
. Amount and kind of auxiliary fuel used, per ton of dry solids ........... 
. Tons of wet sludge or screenings fed each month. ....................- 
6. Average dry solids and volatile content of sludge or screenings as fed... ... 


eee | 


SPARE TNCN HIN CANISER TAAL GERI Os cares oa oie ask Sarde aia. ouaae oscatste ste Sik wwe ere 
. Type of equipment, capacities, etc. for each unit utilizing gas........... 


. Total lbs. and Ibs. per M.G. of each chemical used each month........... 
, Peeding equipment, Mixing GEVICE, tC). 6... eee cee eee peewee 
POIs OL APPHCAtION Of CHEMNCHISs 5.264.665. ec oe eins dousies eg ecw oe 
. Detention period of mixing for average sewage flow.................... 
AE VELOUIIy. eMIOTOREUY AO LATPIEUNNIE «ce 2 occe Bates ge sical ois-6 elie 44.5% sozare be eV ere ase '8se 
). pH of influent (average) before chemicals added ..................-.45: 
PEP EAOL CTD MEUUEENG) 225605 2.5. sete! cisios <dioe so aie wad bine s aie we Soe a% 
. General comments relative to coagulation. ...............0.e eee eeeee 


POURLCTOGIUs AOL POLICCl GOOLE. iF 4 cies bees 4s Saad iene s cas 





« 


Credits 


ee, 


) 


10 


va. 
-. 2 


15 
10 
3 


9) 


.. 100 


Credits 


~~ Lo 


sie 


5 
5 
10 


ae o 


50 


Credits 
10 


Credits 
20 
20 
10 
10 
10 
10 
10 
10 
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Schedule IIT 











Analyses 


A. Raw or Bar-Screened Sewage Analyses. (State which) 





































(To be submitted from all plants serving more than 10,000 and from all 
other plants where the necessary laboratory equipment is provided. For 
fine screening plants omit B.O.D. of raw sewage.) 
Item Reported Upon 
1. General method of sampling and outline of procedure.................... 20 
2. B.O.D. (5 day at 20°) 
(a) No. of tests made each month......................... eset ewea 
a le Cl | a ee 10 
fc) Beam anring Caeh MORN... . sk ec ec cece cece 10 
(d) Minimum during each month...................... pte Metin cieioas- a 
3. Suspended solids j 
(a) No. of tests made each month... . age ean Ud Seseweee ketene en |, | 
i) pavereme UIning GACH IMONUN..... .. 6.6.0... cc cs sec cee ccewecessace 10 
(c) Maximum during each month..................... emer edI ee 10 
Led) PeaNNRNINITOIN APUITINI CAEN GNOME... ca. oe ce cane ewe ee ae eee 10 
SOUAL CPOAITS TOF PEMECEBCOTS . sein ss res ce os ceeds eae eee 100 


B. Fine Screen Effluent 


Item Reported Upon Credits 

by Cleese COS E001) i ee a 20 
2. Suspended solids 

iif) Naor CORE RNG CACN MONE. «5 bce gk wk ews cee aeasesacee’ 20 

(b) Average during each month......... Mice nies One eset sor aieomee ieee 30 

(c) Maximum during each month a ne (9 Rare Wed are es Pas eee 15 

(d) Minimum during each month ENG ee oS TM rs 15 

Total credits for perfect score. . Reine asa aiis etic acito ena .<.- 100 


C. Settled or Clarified Effluent Analyses 
(To be submitted from all plants serving more than 10,000 and from all 
other plants where the necessary laboratory equipment is provided.) 


Item Reported Upon Credits 

1. General method of sampling................... Se ey oe ee ey come BO 
2. B.O.D. (5 day at 20°) 

(a) No. of tests made each month Ban Satna EN erg ty Stet ae tee SO 

(b) Average during each month......... bee chpeee ne Piped er ety tin. cout, ee 

ic) Diaxumim Curing Caen MONE. ...<....... 60:00... seca eee ecec ses sivnd. Ca 

ied) lente GUring CAC MGUUN . 6... 666s ee ieee ces ewes 10 
3. Suspended solids 

fy) TNO. ior WER SNRUP CARN ANONEN ... 5. 6s. oss ee se kc ee ve en ce es ties 10 

(OV INOS UT OO CCL! a ce rn 10 

(c) Maximum dune each month... .. 2... 2... .Av ese eece cae ee ee, 

77)! DaREONIT CANTAN CACR ARON: .6:.c5 5 6s es es sess honed suse nd ee oes 10 





ROADIE ACF PGIOCh BOONE sa). on%00)5 ose se oo oes avis e bie ees 
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. Filtered Effluent Analyses 
(To be submitted from all plants serving more than 10,000 and from all 
other plants where the necessary laboratory equipment is provided.) 





: Item Reported Upon Credits 
h, Gierinicel PREP OR VOR SONNEI. 5.5. 6:5.50 cc cinln 9 wield aie sisle s o/s) oSl0 (03 Sa eed ale dee ee 10 
2. B.O.D. (5 day at 20°) 
3 (a) NOMOl teste rine CRC MONT 6.55405 ods < diles wh iene cies wate eos eo is 10 
ts ; (6) AVernerantine GACH TRONUN 6.6.55 ii seins ols be ged srs ache ca is pears 10 
Cc) Tila reer AE GRE THONG coro s5 os ai oak adie eis were bois wse Be ele 5 
(d) Wage UTI CACM AMONU 6 5.5 x 655s Seis ee rea cc es oe agelss ou aos 5 
3. Suspended solids (except for intermittent sand filters) 
(a) NOG? fests TGAde GACIINONUD... oe csc. ee codices twee yee esas 10 
(5) Amerie Gutit OnGl THOME 6 5o5 555 6s lees Stas ease oe gs wie ve 10 
(c) Wiens UPI ICRC MONT: 6 oi ncs es ise sae ee wine Od os obese 5) 
; (d) Manimumcduring cach Month... s.5...6 6606. cesses Sed oe gee aetns 5 
: 4. Dissolved oxygen 
2 Ga): DOs bent TAA e CACIINONUR 6 iiss sos id 6e kiwis caine o o's earns Se 10 
i (6) Aiveraae rit ORG AMONUN <5 sso es a hs ois ccs Wales wee cua soe are 10 
i (c) Whasiniiin Gat CACH IMONGO oo 6c oie ee ars wae enews oes ee 5 
. (d) Minin ating each MONtN. . occ oes os ee ese Bales oie eae ees 5 
) = 


RIGUAL Cheats TOLsBCTIOOl BCOLE sc o5.-6isi0:b 4: <lols oa dus cus ais ena ioiale aalernlote 100 


ts BE. Final Tank Effluent Analyses 
(To be submitted from all plants serving more than 10,000 and from all 
other plants where the necessary laboratory equipment is provided.) 


Item Reported Upon Credits 
PS PSN TRA CO REINER 56 5 as aw, a: Sa hg coe E ISRO ES are es wehelane Sarees 10 
4 2. B.O.D. (5 day at 20°) 

t (a) ING: of tests made CACh MONGD. 2... ek ies ae ts ee Se oe ein te oe 10 
Z (5) Avetame dirmie Chen MONUR’. 36.62. ook oe ce de cde le waes wa ee 10 
(c) Makin Gearing GAG OMEN... 66s ay eee cee eee cai s 5 
(2) Minimum during each month................. Sta oe 5 

3. Suspended solids (except for intermittent sand filters) 
(a) Do. Gf tests MAGE CAC MOM ..65.. 6. i eee cs ees oe ee 
, (6) AWCTAGO GUTINO"GRGI MONIT: 66 56 is ooe eo wd g cele Ra ene ee ee eee 10 
™ (c) Maximum during each month............ Lada teeter oS ge cotemiee 5 
(da) Reena ETE CARCI TAOMUN 5 osi65 us ee eee sce wee sales we Site ols oe 5 

1, Dissolved oxygen 

(a) ING:OF tenis mind GACH MONON 6. eso a sie sia aelale reerale Weta alee aie 10 
: Cb) Asverie Gurine GACH NOUN i. Fo oon, heals Onde Slee eeisie oe otk 10 
= tc) DR Chine CAC MONG ci 5 25 os a os ik Se cs oe g baw wae wees 5 
7 (2) Riera CAO MONOD ose 55 Sd oe eh ole oes a ois cs bain 5 
Mobal Credits fOr Pemech KOOKe:. 566 hice ce cs ken se ese owseee nce 100 


F. Analyses—Stream Above and Below Plant Outlet 
(To be submitted from all plants serving more than 10,000 and from all 
other plants where the necessary laboratory equipment is provided, and 
where such tests in judgment of Committee are significant) 
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Item Reported Upon Credits 
. General method of sampling 
. Estimate of average monthly flow of stream and how obtained 2 
. Average B.O.D. each month and number of tests.....................40.. 20 
. Average D.O. each month and number of tests..................000-000- 2 
5. Average relative stability and number of tests...................0.0000. 2( 


Total credits for perfect score........... 
Schedule IV 


Cost Data 


A. Original Plant Cost 


Item Reported Upon Credits 
. Original cost of plant excluding intercepting sewers and pumping stations not 
located on plant site 
. Original cost of additions or modific 
Total credits for perfect score.......... 
. Maintenance and Operation Costs for the Year 


Item Reported Upon 


. Salary of person in charge of plant. . 
. Total salaries of chemists, clerks or office personnel 
. Total wages of all other laborers and employees proportioned in accordance 


with time devoted to plant operation and maintenance 
. Total power costs, itemized according to units, such as pumping, lights, ete. 
5. Total cost for chemicals, itemized according to chemicals used............ 
}. Total for miscellaneous or other costs. (Itemize if possible) 
. Grand total of all expenses during year for operation and maintenance 
. Revenue from sale of sludge, ete 
. Net total operating and maintenance expense for year. . 
. Average cost per M.G. of sewage treated during year 


Total credits for perfect score 

















abd ASC amie Oe 


Industrial Wastes 





MEASURES OF NATURAL OXIDATION IN POLLUTED 
STREAMS. I. THE OXYGEN DEMAND FACTOR 


By H. W. STREETER 


Sanitary Engineer, U.S. Public Health Service, Cincinnati, Ohio 


The ability of natural bodies of water to assimilate organic polluting 
matters has long been recognized as being due to oxidation processes, 
largely bio-chemical in their nature, which bring about a gradual sta- 
bilization of these impurities through their transformation into humus 
and simple oxidized products of carbon and nitrogen. As oxygen is the 
dominant motivating factor in these processes, efforts to study them 
quantitatively have been aimed primarily at observing the progressive 
changes which occur in this element, both free and combined, in con- 
nection with natural purification phenomena. 

From the classic studies made by Adeney ! in Great Britain and by 
Phelps ? in this country some 25 years ago, a basis was established for 
measuring natural oxidation phenomena by laboratory methods involving 
the use of tests for dissolved oxygen (D.O.) and bio-chemical oxygen 
demand (B.O.D.), which tests have been extensively applied in con- 
nection with the control of artificial sewage treatment. Although the 
technique and interpretation of these tests have been steadily improved 
through the extensive research work of Theriault * and others, their 
application to the measurement of oxidation in polluted natural bodies 
of water has been met by numerous difficulties, owing to the great com- 
plexity and variability of conditions in nature which tend to modify the 
normal course of this phenomenon. 

These difficulties have led the Public Health Service, in connection 
with its stream pollution investigations, to devote considerable attention 
to the more fundamental aspects of natural oxidation in polluted streams, 
having in mind the great practical importance of this phase of the problem 
in relation to utilizing the natural purification capacities of rivers which 
must be used as carriers of raw and treated sewage and at the same time 
for other essential purposes, such as water supply, navigation, fish con- 
servation and various recreational activities. 

The first basie study of this kind undertaken by the Public Health 
Service was made in connection with an extensive laboratory survey of 
the Ohio River in 1914-16.‘ In their report * of this study, Streeter and 
251 
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Phelps formulated a working theory of stream oxidation, based on the 
progressive change in dissolved oxygen content of the stream proper 
resulting from concurrent deoxygenation and atmospheric reaeration. 
This general theory was applied later by a Board of Engineering Review 
for the Sanitary District of Chicago, in connection with a study ° of 
oxidation data obtained by the Public Health Service in 1921-22 from 
a laboratory survey of the Illinois River.” It also has been utilized more 
recently by Setter,’ by Ridenour,’ and by Phelps and Velz '§ in con- 
nection with their studies of natural purification in polluted bodies of 
water located near the Atlantic seaboard. 

In two papers ™: !! written subsequently to the original report with 
Phelps on the Ohio River study, the present writer undertook to discuss 
some of the practical difficulties involved in measuring oxidation in 
polluted streams, noting the complicating effects of sludge deposits and 
of the presence of an ‘‘ immediate ”’ or ‘‘ chemical ”’ oxygen demand in 
highly polluted streams. In their report of their Illinois River study, 
the Chicago Board of Engineering Review endeavored to minimize some 
of these difficulties by utilizing the concept of a changing ‘“ oxygen 
balance ”’ in polluted streams, the term “ balance ”’ signifying the dif- 
ference between oxygen supply, as represented by the measured dissolved 





oxygen content, and oxygen demand, as measured by the loss of oxygen 





in samples of river water incubated under standard conditions of time 





and temperature (now commonly denoted as the test for bio-chemical 





oxygen demand, or B.O.D.). 

Within the past two years, the present writer, with the assistance of 
Mr. C. T. Wright of the staff of the U.S. Public Health Service’s Station 
of Stream Pollution Investigations at Cincinnati, has undertaken a 
further study of certain phases of this problem bearing more especially 
on the difficulties involved in the practical measurement of natural stream 
oxidation. In order to lay the groundwork for the presentation of the 
results of this study in later reports of this series, two preliminary papers 
have been prepared, both dealing with the more fundamental aspects of 
the problem. The present paper, the first of the series, will deal with the 
basic principles underlying the measurement and interpretation of 
progressive changes in the bio-chemical oxygen demand of polluted 
stream waters and will consider also some of the more important factors 












which modify these changes. 

Basic Principles Underlying Natural Oxidation Phenomena.—Under 
natural conditions, or under laboratory conditions approaching those of 
nature, the bio-chemical oxidation of organic substances into simple 
oxidized products appears to be accomplished very largely as the result 
of bacterial action, probably through the formation of intermediate 
enzymes, on these organic substances as a part of the normal life processes 
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of certain types of bacteria. As is well known, different groups of bac- 
teria function in the presence and in the absence of oxygen, and different 
end-products are formed. The oxidation activity of the bacteria appears 
to be modified considerably by other biological agents, such as the 
bacteria-consuming plankton, and also by certain physical conditions, 
such as temperature, which affect their growth rate and equilibrium. It 
has been shown by Butterfield, Purdy and Theriault,'” that under experi- 
mental conditions the rate of bio-chemical oxidation is closely related 
to bacterial activity, which in turn is stimulated by any biological or 
physical action tending to keep the number of bacteria below their 
saturation point. 

It was demonstrated by Adeney,! that natural oxidation occurs in 
two distinet stages, the first involving oxidation of the carbonaceous 
matter, and the second, that of the nitrogenous material. It has been 
shown by Phelps? and Theriault,* that the first of these two stages, 
which merges into the second, tends to follow a course similar to that of 
monomolecular chemical reactions, whereby at a given temperature a 
constant proportion of the remaining unoxidized substance is oxidized 
in each equal interval of time. For first-stage or carbon-oxidation, this 
law has been expressed by Theriault * thus: 
es = — Kt, or Log ee = — kt 

a 
where (L) is the initial bio-chemical oxygen demand (B.O.D.), (Li) the 
demand remaining after any time (¢) within the first stage of oxidation 
and K (= 2.3k) a constant defining the specific rate of oxidation.* 

These relationships also may be expressed as 


L, = L-e-*' = L-10-* (1) 


where (e) is the Naperian logarithmic base and (10) the base of the 
common or Briggs system of logarithms. 

It was found empirically by Phelps and the writer > that the value 
of the constant (k) varies with temperature according to the relation : 


kr _ gry (2) 

kr 

where (kr-) and (kr) are values of the constant at two different tem- 
peratures (7”) and (7), respectively, and (@) a thermal constant, which 
they determined experimentally as being equal to 1.047 for temperatures 
* This system of nomenclature is similar to that proposed by Phelps in connection 
with Theriault’s monograph (3) and will be followed hereafter, except that additional 
subscripts will be used with the general symbol (Z) to designate specific amounts of 
B.O.D. observed in the stream and at different temperatures. 
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ranging from 10 to 37 degrees Centigrade. This value of (@) was approx- 
imately confirmed by the results of later experiments by Theriault,* who 
also showed the analogy existing between relation (2) and the van't 
Hoff-Arrhenius equation : 

ie: = - sat i st: - ——~ (3) 

kr 2.3026R(T’ — 273)(T — 273) 

where (2) is the gas constant 1.9885, (u) the heat of activation, and the 
other terms as in equation (2). 

From an analysis of data obtained by several observers, Theriault 
found that the value of the heat of activation constant (uw) ranged from 
7400 to 8500, the values obtained with (@) equal to 1.047 being 7620 for 
temperatures ranging from 10 to 20 degrees Centigrade and 8080 
between 20 and 30 degrees. The analogy between equations (2) and 
(3) was shown by noting that within a narrow range of temperature the 
value of 
ay, 


2.3026R(T’ — 273)(T — 273) 





)» 


is substantially a constant. Substituting this constant (.V) in (3), we 
have that 


Log oa. = N(T" — T) 
kr 





from which 
kr, — J[QN(T’-T) = g(7’-7) 
kr 
where 6 = 10% = 1.047. 
It may be noted in this connection that the results obtained by 


Theriault * from his extensive laboratory studies also confirmed those of lg 
: . ‘ ae , k 
Adeney with respect to the course of two-stage oxidation. Theriault : 


ee 


further has shown from his own observations that the course of two- 


stage oxidation is accelerated with increase in temperature and that the | 
total bio-chemical oxygen demand at each stage is greater as the tem- Pa 
perature is raised. He has derived the following empirical formula con- 
necting variations in the total first-stage oxygen demand (L) with tem- 3 


perature : 


Lr = Leol0.02T — 0.60] = Laof1 — 0.02(T — 20)] (4) 


where Lr = Value of L at T° C. Loo = Value of L at 20° C. 

The foregoing relationships have been found to hold consistently 
under laboratory conditions, when the three necessary elements, (1) 
oxidizable matter, (2) oxidizing micro-organisms, and (3) an available 
source of oxygen, are present concurrently. If any one of these three 
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elements be absent, as for example in a sterile sewage, or in the absence 
ho of oxygen, then bio-chemical oxidation cannot follow a normal course, 
't though it can be brought back to a normal condition in most cases by 
making up a deficiency in one or more of the three elements. 

It may be further noted that from the results of recent studies by 
3) Theriault and McNamee," it has appeared that under aerobic conditions, 
the oxidation of sewage sludge proceeds in accordance with the same 
laws and at the same rates as does the oxidation of the supernatant 
liquid portion of sewage or other similar organic waste. These workers 
It also have observed that where sewage sludge or sewage-polluted water 
has undergone anaerobic decomposition, certain readily oxidizable 
vr produets are formed which apparently combine directly with dissolved 
() oxygen when brought into contact with it, causing an “‘ immediate ”’ or 
d “enzymic ’’ oxygen demand, as distinguished from the bio-chemical 
e demand exerted under aerobic conditions. The specific rate at which 
this chemical oxygen demand is satisfied has been found by Theriault 
and MeNamee,!* to be roughly 16 times the normal bio-chemical rate 
at 20° C. and also to vary with the temperature. Although their data 
suggest the possibility that variations in temperature may influence the 
rate of oxidation of the ‘“‘ immediate ’’ demand to a slightly less extent 
than they affect that of the ‘“‘ bio-chemical ’’ demand, there is need for 
further confirmation on this point and for the present, at least, it prob- 
ably is better to assume that the value of (@) or of (uw) is about the same 








; in both cases. 

Laboratory Measurementof Bio-Chemical Oxidation.— Under laboratory 
j conditions, the measurement of natural bio-chemical oxidation is a 
definite and comparatively simple procedure, involving merely the 
incubation, under standard conditions of time and temperature of sealed 
samples of a polluted water containing an adequate supply of dissolved 
oxygen and noting the amount of oxygen absorbed by the sample in a 
given time. By applying relations (1), (2) and (4), the corresponding 
amount of oxidation, expressed in terms of oxygen absorbed, can be 
readily estimated for any other temperature within the ordinary seasonal 
range in natural bodies of water and for any other time within the first 
stage of oxidation at that temperature. As noted by Hoskins ™ in a 
recent paper, this calculation often may be made more conveniently by 
z first transforming relation (1) to show the total amount of bio-chemical 
b oxygen demand (B.O.D.) satisfied up to any given time, which Theriault * 
has expressed by the formula: 


X, = L(1 — 10-**) (5) 


et 


Rea Se 








in which (X,) denotes the B.O.D. oxidized up to time (t) and (L) the 
initial total B.O.D.* This relation is derived from (1) by noting that 





* See previous footnote, page 253. 
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TABLE I.- 


slide rule. 


0.0 


0.0399 
.0418 
.0437 
.0458 
.0480 
.0502 
.0526 
.0550 
.0576 
.0603 
.0632 
.0661 
.0693 
0725 
0759 
0795 
.0832 
.O871 
.0912 
0955 
.1000 
.1047 
.1096 
1148 
.1202 
.1258 
1317 
1379 
.1444 
1512 
.1583 


0.1 


.0402 
.0420 
.0439 
.0460 
0482 
.0504 
0528 
.0553 
0579 
.0606 
.0635 
.0664 
.0696 
0728 
.0763 
.0799 
.0836 
0875 
.0916 
.0959 
1005 
.1052 
.1101 
1153 
.1208 
.1264 
.1323 
. 1385 
1451 
1519 


0.2 


.0404 
.0422 
0442 
.0463 
.0484 


0507 


0531 
0555 
0581 
.0609 
.0638 
.0667 
.0699 
.0732 
.0766 
0802 
0840 
.O879 
.0921 
.0964 
.1009 
1057 
.1106 
1158 
1213 
.1270 
.1329 
1392 
.1458 
1526 


30° C., by applying formula (3). 


0.3 


.0406 
.0424 
.0444 
.0465 
.0486 
.0509 
.0533 
.0558 
0584 
0612 


0641 


.0671 
.0703 
.0736 
.0770 
0806 
0844 
.O883 
.0925 
.0969 
.1014 
1062 
.1112 
.1164 
.1219 
.1276 
.1336 
.1398 
.1464 
1533 


0.4 


.0408 
0426 
0447 


0468 | 
0488 | 


.0512 
0536 
0560 
0587 
0615 
.0644 
0674 
.0706 
.0739 
0773 
.0810 
.O848 
.O887 
.0929 
0973 
.1019 
.1067 
1117 
.1169 
1224 
.1282 
.1342 
1405 
1471 

1540 
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X,=L—-L,=L—L-10-* = Lil — 10-**) 


= ke (1.0477 2°) 


0.5 


.0409 
0428 
0449 


0470 


0490 | 
0514 
.0538 
0563 
0589 
0617 
.0646 
0677 | 
.0709 
0742 | 
0777 | 
0813 
0852 
0891 
0934 
0977 
1024 
1071 
1122 
1174 
.1230 
1288 
1348 
1411 
1478 
.1547 


given temperature by Theriault’s equation (4). 
connection with his paper,'* a conversion table for computing the value 
of (X,) for various times up to 20 days at 20° C. 
culated from equation (5) by using a table of logarithms or a “ log log ” 
In Figure 1, is illustrated a series of curves showing values 


0.6 


.0410 
0430 | 
0451 
0472 
0492 
0516 
0540 
.0566 
.0592 
.0620 
0649 | 
.0680 
0712 
0745 
0781 
.0817 
0855 
0896 
.0938 
0982 
.1028 
.1076 
1127 
1179 
.1236 
.1294 
1354 
1418 
1485 


1990 


0.7 


0412 
.0432 
0453 | 
.0474 
.0495 
0519 | 
0543 
.0568 
0595 
.0623 
.0652 
0683 | 
0715 
.0749 
0784 
0821 
0859 
.0900 
.0942 
.0987 
.1033 
1081 
1132 
.1184 
1241 
.1299 
.1360 
.1424 
.1492 
1562 


In Table 1 are given values of the first-stage oxidation constant 
at different temperatures, ranging from intervals of 0.1° C. from 0 
The value of (L) may be corrected to 


Value of Deoxygenation Coefficient (k) at Temperatures ranging Up to 
(Caleulated from formula: k 7? 


0.8 


.0414 
0434 
0454 
.0476 
.0497 
0521 
0545 
.0571 
0598 
.0626 
0655 
.0687 
.0719 
0752 
0788 
.O824 
| .0863 
.0904 
.0946 
| .0991 
.1038 
.1086 
1138 
1190 
.1247 
1305 
1367 
1431 
1498 
1569 


) 
3 


March, | 


0416 
0436 
0456 
0478 
500 
0524 
0548 
0573 
0600 
.0629 
0658 
.0690 
.0722 
0756 
0791 
.OS828 
0867 
.O908 
0951 
.0996 
1042 
1091 
1143 
.1196 
1252 
1311 
1373 
1437 
1505 


1576 


Hoskins has given in 
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It also may be cal- 
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lig. 1. Values of (X,) in equation (5) at various temperatures up to 30° C. and for 


times up to 20 days. 


of (Y,) at various times up to 20 days and at temperature intervals of 
5° C. up to 30° C. 

The definiteness and consistency with which progressive oxidation 
can be measured in a sealed laboratory sample of polluted water is due 
to the fact that throughout the period of observation, neither the con- 
centration of oxidizable matter nor that of the dissolved oxygen undergoes 
any change except that which is due to oxidation. Under these condi- 
tions, it is possible to measure directly the extent of oxidation which has 
taken place in a given interval of time, either from the observed reduction 
in the D.O. content of the sample during the same time, or from the 
observed decrease in B.O.D. during that time. 

Bio-Chemical Oxidation natural 
Streams, however, this ideal situation never is fully realized, as the con- 
centration of oxidizable matter is subject to very considerable changes 
due to physical influences, such as inflow (dilution or pollution), sedi- 


Under Natural Conditions.—In 








mentation or scour, and adsorption of suspended organic matter by 
growths attached to the channel carpet. The concentration of dissolved 
oxygen likewise undergoes continual change through atmospheric reacra- 
tion and, occasionally through biological photo-synthesis by oxygen- 
producing plants. In sections of highly polluted streams where the flow 
is sluggish, the deoxygenating effects of sludge deposits are a further 
complicating factor, extremely difficult to evaluate, as these deposits «re 
progressively cumulative under conditions of sedimentation and at the 
same time are being constantly oxidized ; moreover, this process is subject 
to occasional interruption by freshets, which tend to scour or flush out 
all or a portion of the accumulated deposit. The difficulty of estimating 
the effect of sludge deposits is further enhanced by the fact that ordinary 
samples of the stream water include only the supernatant portion; 
hence neither the extent nor the rate of oxygen demand exerted by these 
deposits can be determined directly from an examination of such samples. 

It thus appears that the true rate of oxidation in a polluted natural 
stream cannot ordinarily be directly ascertained either from the measured 
rate of decrease in the B.O.D. of the stream water, or from its observed 
rate of change in D.O. content, unless the former can be properly cor- 
rected for the combined effect of inflow, sedimentation and other dis- 
turbing factors and the latter, for the effect of reaeration. 

In addition to the four agencies above noted, which directly affect 
the concentration of oxidizable matter in the stream, two others may 
further modify the trend of observed changes in B.O.D. One of these 
is the presence of material having an ‘‘ immediate ’’ oxygen demand, 
which tends to increase the composite rate of deoxygenation in the stream. 
The other is the occurrence of a transition from first-stage to second-stage 
oxidation between two sampling points, which may cause an apparent 
increase in B.O.D. between these points, or a decrease less than otherwise 
would be noted. Let us consider first the effects exerted by the four 
physical agencies above enumerated. 

Effect of Inflow.—Inflowing drainage water may cause an increase or 
a decrease in the B.O.D. of the main stream, according to whether the 
tributary, or other source of inflow, is more or less polluted from this 
standpoint than is the main stream. In some instances, as noted 
recently by Hoskins and Butterfield,’ dilution by a tributary may result 
in an increase rather than a decrease in the observed B.O.D. of the main 
stream water. 

A definite relation appears to exist between the run-off from tributary 
drainage areas and the total B.O.D. contributed by such areas, as is 
illustrated in Figure 2, which has been plotted from data obtained by 
the Public Health Service in 1921-22.’ In the Fox River watershed, the 
daily quantities of B.O.D. in pounds per square mile, are thus shown to 
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Fig. 2. Relation between rates of run-off and of biochemical oxygen demand discharged 
from the Fox and Vermillion river drainage areas. 


have been almost directly proportional to the amount of run-off. From 
relationship plots of the same kind, drawn from similar data for each 
main tributary drainage area, a close approximation may be made to the 
total B.O.D. added to the main stream between any two sampling points, 
by noting the total intermediate drainage area and its run-off into the 
river between these points and assuming that the B.O.D. thus contributed 
would be the same per square mile as from the nearest main tributary 
area with the same run-off. In many cases this tributary area will 
constitute the larger portion of the total intermediate drainage area itself. 

In correcting observed changes in B.O.D. of a main stream for the 
effects of inflow, whether dilution or pollution, allowance should be made 
for oxidation of any material brought into the stream at known points 
between their point of discharge and the next sampling station down- 
stream at which the main stream B.O.D. is observed. In making such 















260 SEWAGE WORKS JOURNAL March, 1935 






allowance, it may be assumed that the inflowing B.O.D. is oxidized in the 
main stream at the same rate as is the B.O.D. of the main stream itsel’. 
To illustrate the result of such a correction, Figure 3 has been drawn froin 
average observations made by the Sanitary District of Chicago in the 
upper portion of the Illinois River during a 6-year period, 1926-31. For 
access to these data, and other data from the same survey, and for per- 
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Fic. 3. Progressive changes in average first-stage biochemical oxygen demand 
observed in the upper section of the Illinois River, both as observed and as corrected for 
the effect of inflow. (Based on data collected by the Sanitary District of Chicago.) 


mission to cite them in connection with this paper, grateful acknowledg- 
ment is made to Chief Engineer Philip Harrington, Sanitary Engineer 
Langdon Pearse and Chief Chemist F. W. Mohlman of the Sanitary 
District’s staff. 

Effects of Sedimentation and Adsorption.—Inasmuch as sedimentation 
and adsorption have the same effect in removing suspended oxidizable 
matter from the stream proper, they may be considered together, though 
it should be noted that adsorption probably occurs more largely in river 
stretches where attached growths of plankton are abundant, but where 
flow conditions are not ordinarily favorable to sedimentation. Both of 
these actions, however, result in storing oxidizable matter on the channel 
floor ; hence they may be regarded as essentially similar phenomena. 

The sedimentation or adsorption of suspended oxidizable material 
from the stream proper, or its predominance over scouring action, is 
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he usually reflected by an observed rate of decrease in the B.O.D. of the 
If. stream water greater than can be accounted for as normal bio-chemical 
m oxidation, after correcting for inflow and making due allowance for the 
he rapid oxidation of any ‘‘ immediate’”’ oxygen demand which may be 
or present in the stream.* By “ normal bio-chemical oxidation ”’ is meant 
T= oxidation at substantially the same specific rate as that which has been 


9 


established by Phelps 2? and by Theriault * under laboratory conditions, 
corrected to the stream temperature by formula (2). 

If, for example, (14) denote the observed B.O.D. of the river water 
at an upper station A and (Lz) the corresponding observed B.O.D. at a 
lower station B (the latter corrected as above noted), the progressive 
removal of suspended oxidizable material from the stream proper by 
sedimentation or by adsorption would be indicated if (14) were greater 
than the quantity (Lz-10*‘),7 the latter representing a B.O.D. at Station 
A, which, if satisfied at the normal rate, would leave the observed residual 
(Le) at Station B. The numerical difference (L4 — Le-10*') between 
these two quantities should be a measure of the rate at which such 
oxidizable material is being deposited from the stream.t 

The validity of this reasoning depends on the important question of 
whether the rate of oxidation of organic matters originating in sewage 
and other similar wastes is substantially the same in a polluted natural 
stream as it is under laboratory conditions of the ordinary B.O.D. test. 
Although it has been extremely difficult to obtain conclusive data bearing 
on this point, because of the rarity with which undistributed oxidation 
can be observed in natural streams, evidence has been cited by Streeter 
and Phelps ® and elsewhere by Streeter | '° pointing to a general con- 
. sistency between these two rates. At a later point in this paper, further 
confirmatory evidence on this question, probably more direct and con- 
vincing than any heretofore advanced, will be given in connection with 
the results of an analysis made by the writer of a series of two-stage 
oxidation curves based on a large number of 40-day incubation tests 
made by the Sanitary District of Chicago on samples of Illinois River 
water collected at different points throughout its course. In view of 
this and the other evidence above noted, it appears at this writing 
reasonably safe to assume that in the stream proper, at least, bio-chemical 
oxidation of sewage matters proceeds at practically the same rate as 
under laboratory test conditions. 





* A method for making such allowance will be discussed at a later point in this paper. 

} The sign of (kt) is positive in this latter case because the time (¢) is measured 
upstream from station B and hence in a direction negative with respect to the flow of the 
stream. 

t In the original report of their Ohio River study,* Streeter and Phelps followed this 
same concept in deriving an expression for an initial B.O.D. at Station A based on 
average conditions between Stations A and B. 
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Where sedimentation results in the accumulation of sludge deposits, 
the problem of evaluating the total deoxygenating effect of these deposits 
is complicated by the fact that throughout the process of deposition a 
portion, at least, of the sludge deposit is undergoing bacterial decom- 
position, possibly aerobic at the surface and anaerobic in the deeper 
strata, and the products of such decomposition are oxidized progressively 
at a composite rate probably depending on several factors, such as tem- 
perature, relative depth and age of the deposit and the extent to which 
various portions of the deposit are undergoing active fermentation. 

The most direct clue as to the order of magnitude of this composite 
rate under conditions approaching those of natural streams is afforded 
by the results of some recent observations by Theriault and McNamee," 
to which previous reference has been made in this paper. In connection 
with their observations of the rate of oxidation of sewage sludge in a 
laboratory aerating device designed by them, they also measured the 
rate of oxidation of a sludge deposit in an artificial channel through 
which streams of sewage and polluted river water were allowed to flow 
for various periods of time. From the results obtained, they concluded 
that under aerobic conditions in the laboratory, the oxidation of sludge 
proceeded substantially at the normal bio-chemical rate such as would 
be represented by k = 0.10 at 20° C., and that under stream-flow con- 
ditions of the experimental channel, the actual rate of oxidation of aerated 
sludge deposited over a period of 21 days was not materially different 
from the corresponding rate as observed under laboratory conditions. 
On the basis of their results, it would be inferred that under aerobic con- 
ditions, at least, sludge deposits in natural streams would be oxidized 
biochemically at about the same rate as would the oxidizable matter 
remaining suspended in the stream proper, which as previously noted 
appears to follow very closely the normal laboratory biochemical rate. 

Less direct and, therefore, less conclusive evidence bearing on this 
same question is afforded by the results of some recent experiments by 
Fair and Moore " on the rates of digestion of sewage sludge in artificial 
tanks, under conditions more largely anaerobic than aerobic. Their 
results have indicated that under the conditions of their experiments, the 
rate of sludge decomposition was approximately one-half the normal 
biochemical rate at the same temperature; hence, would be indicated 
very roughly by a value of (k) approximating 0.05 at 20° C. The results 
of these experiments, together with those of other observations cited 
recently by Rudolfs,!® would suggest the possibility that under anaerobic 
conditions such as might prevail in the lower strata of sludge deposits 
in polluted natural streams, the rate of decomposition and subsequent 
oxidation of these deposits might be somewhat lower than it would be 
under strictly aerobic conditions, such as might exist at and near the 
surface of the same deposits. 
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In order to gather more direct evidence on these points, further 
observations are desirable under stream-flow conditions approaching 
those of natural channels, in which both aerobic and anaerobie conditions 
may exist in a sludge deposit and the effects of variations in the depth 
and relative age of the deposit can be studied. Experiments of this 
nature are now being conducted by the Public Health Service, with a 
view to throwing further light, if possible, on these more doubtful points. 

If the specifie rate of oxidation of a sludge deposit were definitely 
known, it would be readily possible to calculate, by means of a simple 
formula which will presently be described, the total amount of B.O.D. 
accumulated in the deposit during a given period of time, making due 
allowance for the rate of addition of B.O.D. to the deposit through sedi- 
mentation and the rate at which each increment thus added is oxidized 
after its deposition. From the total amount of B.O.D. added to the 
deposit during the same period of time, it would then be possible to 
calculate, by difference, the total amount oxidized in the deposit during 
that period. 

In order to explain the method followed in this calculation and the 
derivation of the accumulation formula on which it is based, let us 
assume, as before, two sampling Stations A and B, at which the observed 
mean B.O.D. of the river water during the period in question is (4) and 


(Lx), the latter having been corrected for the effects of intermediate 
inflow and both quantities being expressed in terms of pounds per day.* 
Then (La — Le-10**) + will measure, as previously indicated, the daily 


amount of B.O.D. removed from the stream proper by sedimentation 
and adsorption. Let us denote this quantity by the symbol (p,), so that 


p; = La — Lep- 10" lbs. per day 


in which (/) denotes the specific rate constant of normal biochemical 
oxidation in the stream proper, corrected to the stream temperature, and 
t) the time of flow from A to B. 

The quantity (p,) will inelude a certain portion of sludge B.O.D. 
oxidized in the stream proper, during the process of deposition, only the 
remaining unoxidized portion actually being added to the deposit. To 
approximate its amount, we may assume that the B.O.D. deposited 
settles at a uniform rate, so that its average concentration between 
points A and B may be represented by an amount equivalent to Mp.,. 
Then if (X,) denote the amount of sludge B.O.D. thus oxidized during 
settlement, we may write that 

‘Obtained by the simple relation: 


Lbs. per day = parts per million X discharge (¢.f.s.) X 5.4. 
+ Note that (kt) has a positive sign, for the reason previously explained. 
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X, = 0.5p,(1 — 10-**) Ibs. in time (¢) 


X, = 0.5p.(1 — 10-*) Ibs. per day 7) 


If we now denote as (pz) the amount of B.O.D. actually added to the 
sludge deposit, we have that 


Pa = ps — 0.5p.(1 — 10-*) 
= 0.5p,(1 + 10-*) lbs. per day 8) 


In equations (7) and (8) the time factor (¢) does not appear because ihe 
B.O.D. deposited is expressed in pounds per day and the settlement 
period considered is, therefore, one day, or unity. 

With values of (k) ranging from about 0.040 at a temperature slightly 
above 0° C., to 0.158 at 30° C., as shown in Table I, the corresponding 
percentage of (p,) oxidized per day during settlement would range from 
4 percent at the lower temperature to 15 percent at 30°C., the difference 
being due to the effect of higher stream oxidation rates with increasing 
temperatures. Although this percentage would appear to be negligibly 
small at stream temperatures approaching the lower limit of this range, 
they might be significantly large at the higher temperatures corresponding 
to those of summer; hence, it hardly could be disregarded under the 
latter conditions, particularly if (p,) were relatively high. 

If (pa) thus be taken as representing the pounds per day of B.O.D. 
actually added to the sludge deposit between points A and B, we may 
then formulate the cumulative unoxidized B.O.D. of these daily incre- 
ments to the sludge deposit, assuming a rate of oxidation of the sludge 
deposit as given by a constant (A’) and a total period of accumulation 
denoted by (¢’) to distinguish it from the time of flow (¢). 

If (y) denote the amount of each daily increment (pz) remaining after 
(t’) days and (L,) the total cumulative B.O.D. in the deposit at time 
(t’), we may write that 


y = pare *’" 
and that 
at’ et’ 
ba | ya = | pee ™'*’ dt’ 
70 0 
ae Pad oKry Pi Pa 1 — e-K't! 
Rk’ lo qv? A € ) 
or 
La = 4, (1 — 10-*'t’ (9) 
1= 33K | ) 


where k’ = 0.4344’. 
As the total amount of B.O.D. added to the deposit during (¢’) days 
is equivalent to pat’, then if we denote as (X,) the total amount of sludge 
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NATURAL OXIDATION 
B.O.D. oxidized in the deposit during period (t’), we have that 
Xi= pd! — La = pd’ — rae — 10-*'"’) (10) 


In Figure 4 are shown illustrative plots of the cumulative sludge 
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Fig. 4. Cumulative amounts (Lz) of sludge B.O.D. up to various times, as calcu- 
lated from Equation (9) with different assumed values of the oxidation rate constant 
(k’), and with the rate of accumulation (ps) assumed as equal to unity. 


B.O.D. (La) with different assumed values of (k’) and during various 
periods of accumulation, the value of (pz) being assumed as unity. 
Each curve, it will be noted, tends to approach an asymptote represented 
by the simple fraction, pa/2.3k’, which is the limit of the function, 
(pa/2.3k’)(1 — 10-*’"’), when the accumulation period (t’) is prolonged 
indefinitely. The time required for (La) to practically reach its maximum 
is shown to vary from about 15 days with k’ = 0.10 to 100 days or more 
with k’ = 0.02. It also is noted, that the total amount of unoxidized 
B.O.D. accumulated in the sludge deposit up to any given time is greater 
with lower values of (k’), or lower rates of oxidation in the deposit. 

The practical significance of these curves appears to be that during 
the early stages of sludge accumulation the amount of B.O.D. oxidized 
each day is less than the daily amount added, but that after a sufficiently 
long period of time has elapsed, a state of balance is approached whereby 
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equal to the daily amount of B.O.D. oxidized. After this point has been 
reached, the actual rate of sludge oxidation, in pounds per day, is, 
therefore, measured by (pz), the corresponding rate of addition to the 
deposit. 

In Figure 5, giving a parallel series of plots of (X,), the cumulative 
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Fig. 5. Total amounts (X,) of sludge B.O.D. oxidized up to various times, as 
calculated from Equation (10), with values of (L) corresponding to those illustrated in 
Figure 4. 


amount of sludge B.O.D. oxidized after various periods of time, the 
effect of this state of balance is shown by the tendency of the plots to 
assume straight-line trends, parallel to each other and each having a 
slope of p,/t’, so that for each unit of time (7.e., ’ = 1 day), the increase 
in (X,) is substantially equal to (pz). 

From these considerations, the further practical conclusion may be 
drawn that where the period of sludge accumulation is relatively long, 
so that the rate of oxidation becomes substantially equal to the rate of 
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the amount of B.O.D. added to the deposit each day is substantiaily 
I : : 
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aily B.O.D. addition, the total rate of oxidation in a given stretch of a river, 
eon including that of the stream proper, the settling sludge and the deposited 
8, sludge, should approach very closely the observed rate of decrease in 
the average B.O.D. between the upper and lower terminals of the stretch, 
(i.e., L4 — Le), the latter being first corrected for the effects of inter- 

five mediate inflow. In the following illustrative example, based on actual 


observations, the period of accumulation considered is sufficiently long 
to fall within this eategory. 

lor the purpose of this example, reference may be made to the results 
of a laboratory survey of the Illinois River by the Public Health Service 
in 1921-22, a full report of which has been noted elsewhere? in this 
paper. From these results, the following represent yearly averages of 
observations made at two sampling points in the Illinois, the upper one 
(Station 286) being located immediately below Joliet and the lower 
(Station 240) at Ottawa, some 46 miles downstream. In this section of 
the river a considerable amount of sedimentation and adsorption of 
suspended oxidizable matter, originating chiefly in Chicago sewage, 
normally occurred during the period of the observations. 

In the caleulation which follows, the specific rate of oxidation of the 
) sludge deposit has been assumed as being the same as in the overlying 
stream. 

Illinois River at: 








Sta. 286 Sta. 240 
(Joliet) (Ottawa) 
Base Data: 
Obs’d tot. Ist-stage B.O.D.: La = 1144 Lp = 955 (M#/dy) 
: (Mz/dy = Thous. lbs. per day 
: Corrected for inflow Lp’ = 854 (M#/dy) 
Mean River Temperature (7’) = 11.9°C., 
Value of (k) for river water = ().069 
Value of (k’) for sludge deposit = ().069 (assumed) 
a Mean time of flow (¢) = 1.05 days 
; Total period of sludge accumulation (¢’ = 365 days 
Calculation: 
as a Bian = 1144 M#/dy. 
ng Lp’ +10 = 854 X 1.182 = 1009 “ 
i 
5 Difference (ps) => foo 
he Oxidized in suspension: 
6s L6p,(1 — 107) « 6 
a 
e Added to sludge deposit (pa) = 125 
ss l'rom relation (9), we have: 
a Potal cumulative B.O.D. of Deposit (L.) a ae — 10-*""’) 
¢ 125 
: = (1 — 10~-069x808) 





2.3 X .069 
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125 mi 
= x .999 = 786 Mz 
zZ.3 *< 089 





From relation (10): 
Total sludge B.O.D. oxidized (X,) = (125 X 365) — 786 
= 45625 — 786 = 44839 Mz 
14839 + 365 = 123 M#/dy. 


ll 


B.O.D. oxidized in stream proper: 


(1) non-deposited: 1009 — 854 = 155 - 
(2) deposited in suspension: = 19 “ 
Total B.O.D. oxidized = 288 ss 
Observed decrease in B.O.D., 
corrected for inflow: (L4 — Lz’ = 290 ae 


From the results of this caleulation it is noted that about 43 per cent 
of the total oxygen demand was exerted by the sludge deposit and 57 
per cent by the overlying stream, and that the total exerted demand 
thus calculated, 288 thousand lbs. per day, approaches very closely the 
corrected observed decrease in total B.O.D. between the two points, 290 
thousand lbs. per day. This serves to illustrate the previous statement 
that where long observational periods are considered, with correspond- 
ingly long periods of sludge accumulation, the average daily amount of 
sludge B.O.D. oxidized tends to approach closely the daily amount 
added to the deposit as shown by (pa), and the total amount of B.O.D. 
oxidized tends to approximate closely the total observed decrease in 
B.O.D. between the two sampling points when corrected for intermediate 
inflow. For shorter periods of observation, as for individual months, : 
somewhat greater divergence would be noted in these two respects, as 
will be shown in connection with a later paper. 

Effect of ‘‘ Immediate ’”’ Oxygen Demand.—From the work of Theriault 
and McNamee previously noted ' in this report, it is possible to estimate 
roughly the effect which the presence of an “ immediate’’ oxygen 
demand in a stream concurrently with the usual biochemical demand, 
might be expected to exert on the composite rate of oxidation. Let us 
represent the biochemical rate of oxidation by the constant (k,) and the 
corresponding “‘ immediate ”’ rate by the constant (k;). In the form 
indicated by Theriault and McNamee, the course of oxidation would be 
represented by the relation : 


X,; = £,(1 — 10-**) + L,(1 — 10-***) (11) 


in which (X,) denotes the total oxygen demand satisfied up to any time 
(t) and (L,) and (L,), the total initial biochemical and “ immediate ” 
oxygen demands, respectively. 

If a sample of river water were incubated at 20° C., the value of (ks) 
should approximate 0.1 and that of (k;) about 1.6, with time (¢) measured 
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in days. At a temperature other than 20° C., the values of (k,) and 
(k;) would be related to their 20° C. values according to formula (2), 
with (@) assumed in each case as being equal to 1.047, or with the heat of 
activation constant (u) as given in formula (3) assumed as approximating 
S000 

At a laboratory incubation temperature of 20° C., about 97.5 per cent 
of the total ‘“‘ immediate ’’ oxygen demand should be satisfied during the 
first 24 hours. If an incubation test of the stream water were made at 
this temperature and the 1-day and 5-day oxygen demand measured on 
the same sample, the amount of ‘“‘ immediate ’’ oxygen demand should 
be roughly shown by the difference between the 1-day demand as meas- 
ured and that which would be calculated from the observed 5-day result 
by multiplying it by the ratio, 0.206/0.684, or 0.3 approximately. 

For the purpose of illustration, let us assume that the observed 
5-day oxygen demand of a given sample of river water were 10.0 p.p.m., 
and that the corresponding 1-day demand were 4.0 p.p.m. If no 
immediate oxygen demand were present, this latter figure should be 
(0.206 + 0.684)10.0 = 3.0 p.p.m.; hence their difference, 1.0 p.p.m., 
should indicate a first approximation of the immediate oxygen demand. 
Sut as this is also included in the 5-day demand as observed, we would 
assume tentatively that the 5-day biochemical demand was 9.0 p.p.m. 
If we recalculate the 1-day biochemical demand on this basis, we obtain 
2.7p.p.m. The difference between this figure and the 4.0 p.p.m. observed 
would be 1.3 p.p.m. as a second approximation of the immediate demand. 
By repeating this process of calculation a third time, we obtain a result 
of 1.4 p.p.m. which is not altered, within 0.1 p.p.m., by a fourth repetition. 
We thus may conclude from this trial-and-error computation that the 
immediate oxygen demand of the sample approximates 1.4 p.p.m. and 
the 5-day biochemical demand, 8.6 p.p.m. From the latter figure we 
may estimate that the total first-stage total B.O.D. would be 8.6 + 0.684 
= 12.5 p.p.m. at 20° C. 

From the results of this calculation we may estimate roughly the 
reduction in total oxygen demand, including the “ immediate ’’ demand, 
which would be expected to occur in the river during any given time of 
flow, applying equation (11). Let us assume, for the sake of simplicity, 
that this time of flow is 2 days and the stream temperature 20° C. Then 
we have that 





X; = 12.5(1 — 10-°-*?) + 1.4(1 — 10-1-%?) 
12.5 X 0.369 + 1.4 x 0.9995 


4.6 + 1.4 = 6.0 p.p.m. 


I 


Of this total demand satisfied, 4.6 p.p.m. would represent that which 
has been oxidized biochemically, if it be assumed that all of the 12.5 
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p.p.m. of true B.O.D. initially present remained in the supernat.nt 
stream. On this basis we would expect that 12.5 — 4.6 = 7.9 p.p.m. 
of B.O.D. would remain in the stream after 2 days flow at 20° C. If, 
however, the observed B.O.D. should be lower than 7.9 p.p.m. at the 
2-day point, after correcting for the effect of inflow, we would conclude 
that some of the oxidizable matter had been withdrawn from the stream 
proper through sedimentation and adsorption and the amount of material 
thus removed could be estimated by projecting the B.O.D. observed at 
the lower point back to the initial station 2 days flow upstream, and 
subtracting the result from 12.5 p.p.m. Thus if the observed B.O.D. 
at the lower point were 6.0 p.p.m. this would represent a residual from 
6.0 X 10°-%, or 9.5 p.p.m. at the initial station, and the total B.O.D. 
removed by sedimentation would be calculated as being 12.5 — 9.5 
= 3.0 p.p.m. 

In addition to the “ immediate’ oxygen demand brought into a 
given river stretch by the stream proper, is that which may originate in 
the local sludge deposit. Although little definite information exists at 
the present writing as to the extent of this kind of oxygen demand 
liberated by ordinary sludge deposits, it may constitute, in some cases, 
an important element in the total oxygen demand exerted by deposits 
of any considerable depth, and likewise by gas-lifted sections of these 
deposits. 

Wherever B.O.D. tests of the stream water at the lower terminal of a 
immediate ”’ oxygen 


“cc 


particular river stretch indicate the presence of an 
demand in excess of that which can be accounted for as a residue of that 
which may be observed concurrently at the upper station, the total 
amount of ‘“‘ immediate ’’ demand originating in the deposit may be 
estimated by applying equation (9). Let (L;’) represent the excess of 
immediate oxygen demand observed at the lower station and (p;) the 
total immediate demand added to the stream from the sludge deposit, 
both being expressed either in concentration or as pounds per day. 
Then, if (¢) denote the time of flow of the stream through the stretch 


under consideration, and (k;) the rate constant for the “ immediate ”’ 


oxygen demand, as in equation (11), we may write: 


L; = ~*~ (1 — 10-*#) (12) 


whence 
2.3k:L; e 
“— (13) 
1 — 10O-* 


’ 


Inasmuch, however, as the rate at which ‘ immediate ”’ oxygen 
demand is satisfied is so rapid that at 20° C., about 97.5 per cent would 
be oxidized in 24 hours, the residual amount of such demand at the 
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lower terminal of a river stretch having a relatively long time of flow 
would be so small as to be hardly measurable. For example, if (p;) 
were assumed as 5.0 p.p.m. in the above equation, and (k;) as 1.6 at 


20° C., the residual immediate demand with one day time of flow would 
be 

5.0 
=< = { 
2.5 X 1.6 
= ().034 p.p.m. 


L; = 1 — 1071-61) 


which is so small as to be negligible. In some instances, a fairly large 
immediate oxygen demand originating in local sludge deposits may 
thus have disappeared entirely by the time that the stream water has 
reached a lower observation point. 

If further studies should justify an assumption that all, or practically 
all, of the oxidizable matter resulting from the progressive breaking down 
of sludge deposits in polluted streams may reach the overlying water in 
enzymic form, the deoxygenating effect of this material on the overlying 
stream could be estimated very readily by calculating first the value 
of (Y,) in equation (10) and then substituting this value as (p;) in equa- 
tion (12), with (k;) taken as 1.6 at 20° C. and varied according to tem- 
perature relationship (2) or (3). With the present very limited knowledge 
of this phase of the subject, such an assumption would hardly seem 
justified, however, and unless some definite laboratory evidence of the 
presence of an immediate oxygen demand in the stream water were 
available, it probably would be safer to assume that the total oxygen 
demand oxidized from a sludge deposit is equivalent to that which is 
oxidized biochemically. 

Effect of Two-stage B.O.D.—In the introductory section of this paper, 
the laboratory observations of Adeney and of Theriault on the existence 
of two distinet stages of oxidation in sewage and polluted water have 
been noted. In this connection, Theriault has pointed out that where a 
transition from first-stage to second-stage oxidation occurs within the 
period of incubation of a sample of polluted water tested for B.O.D., the 
result obtained may be disproportionately high as compared with that 
which might be obtained from the same sample at an earlier phase of 
oxidation wholly within the first stage. If this principle were likewise 
applicable to progressive oxidation in a natural stream, it is conceivable 
that an apparent increase in 5-day B.O.D. might be observed in the 
stream water, otherwise unaccounted for, in a stretch where a transition 
from first to second stage oxidation took place. 

lt is of interest in this connection to note the results of an extensive 
series of tests made by the Sanitary District of Chicago during a period 
of four years, 1927-30, on multiple samples of water collected at various 
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points along the Illinois River and incubated for different periods up 
40 days at 20° C., the B.O.D. of each sample being measured over ech 
period.* 

From averages of these results for the entire four years, including 
summer and winter observations, a series of curves has been constructed, 
showing the course of oxidation in the river water at each collectior 


point. In Figure 6 are shown plots of these several curves, each one 





w& 
——— a 
< 
NS 
a 
4 
























= 
& 
© 20 | 
© 
° 
9 — ° 
N r kin ———— pat lle. ——* 7 
. r gee puee | 
x r ss: = 
Q Job om —%Tpillicome | 
9S dstown a—- 
a bette | ‘ 
| 
7 
ra] 4 1 1 4 
o 20 30 40 50 


Ferion of IncueaTion + Time oF Flow From LocxPorr- Days 
Fig. 6. Plots of average curves showing the course of oxidation in samples of 
Illinois River water collected at various points. (Based on data collected by the 
Sanitary District of Chicago, during the vears 1927-30 ) 


being started at a time corresponding to the mean time of flow of the 
river from Lockport to the point of collection. 

Considering the Lockport curve, it will be noted that a change in the 
inflection of this curve, marking the transition from first to second stage 
oxidation, occurs at about 10 days from the start, but considerably in 
advance of the time at which the first-stage portion of the curve, if extra- 
polated beyond 10 days, would approach its true asymptote, corre- 

* For permission to refer to these data, acknowledgment is made to the Sanitary 
District officers previously noted in this paper. 

+ This scheme of plotting is the same as that which was followed by Mohlman, Ed- 
wards and Swope in their previous analysis of similar curves obtained from the same 
series of observations. (See Jour. Ind. and Eng. Chem., Vol. 19, p 242 et seq., March, 
1928) 
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sponding to the total first-stage B.O.D. In passing downstream, suc- 
h cessively to Morris, Marseilles, Peru, Henry and Chillicothe (the point 
last named being located about 112 miles and 4.8 days mean time of flow 
below Lockport), it is noted that the actual period of incubation up to 
d. the transition point of the curve is progressively shortened, but that the 
total time from Lockport to this transition point, including the period of 
incubation and the time of flow, remains about the same, that is, about 
10 days. This observation probably constitutes the best and most 
direct evidence that the rate of biochemical oxidation in the stream proper 
approximates very closely the corresponding laboratory rate at the same 
temperature. 

Passing further downstream, from Chillicothe to Pekin, the influence 
of pollution from the Peoria district is shown by the higher initial rise 
of the Pekin curve and by the prolongation of its first stage. If the 
Pekin curve be compared with that observed at Beardstown, 64 miles and 
about 2 days time of flow further downstream, the transition points of 
these two curves are again shown to be roughly synchronized with each 
other, each one being at about 19 days total time from Lockport as 
measured on the abscissa scale. In this case, as between Lockport and 
Chillicothe, no major pollution of the river occurs and the only important 
effect of intermediate inflow on the trend of the curves is that of dilution 
together with a certain amount of pollution from tributaries. 

In order to facilitate a direct comparison of the curves illustrated in 
Figure 6, an effort has been made to formulate them in terms of the same 
kind of constants as those which define the normal first-stage oxidation . 
curve. The following discontinuous equation has been found to give 
4 an excellent fitting of all of these curves, when only positive values of 
(t — a) are considered : 


ol 


he «Of Y = L,(1 — 10-*t) + L,[1 — 10-0] (14) 


where (Y) denotes the total B.O.D. oxidized up to any time (¢), (L.) 
1€ and (L,) the total first and second stage B.O.D.’s respectively, (k.) and 


” 





(k,,) the corresponding specific rates of oxidation, and (a) a “ lag 
1€ a constant indicating the time at which second-stage oxidation begins. 
or mutual comparison, values of these five constants derived for 
in ; the Lockport, Morris, Marseilles, Peru and Henry curves in Figure 6 
‘= : have been set down in Table II, as follows: 

p= : On referring to Table II, it will be noted that the specific rate of 
ry : first-stage oxidation, as indicated by a value of (k,) averaging 0.103 
(which incidentally is practically equal to the Phelps-Theriault 20° C. 
value, 0.100, for first-stage oxidation), is shown to be roughly three times 
the specifie rate of second-stage oxidation, which is given by a value of 
(k,,.) averaging 0.031. It also will be noted that the total first- and second- 
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TABLE II.—Values of Constants in Equation (14) Derived from Five Two-stage Oxidai‘on 
Curves Illustrated in Figure 6 
(Based on average results of 40-day incubation tests of Illinois River water at 20° C. by 
Sanitary District of Chicago, years 1927-30, respectively) 


Miles 
‘ . L L | (a 
Sampling Below ( k ie (D 
. p.m. .p.m. é 
Point Lockport ad Pen ; 
Lockport 0.0 20.5 20.5 0.090 0031 1] 
Morris 27.8 10.2 18.5 0.100 0.030 7 
Marseilles 13.8 9.8 15.0 0.115 0.030 5 
Peru.. 68.7 7.9 13.0 0.100 0.035 ( 
Henry 95.1 LS rot 0.100 0.030 5 
Mean 0.103 0.03) 


stage B.O.D.’s as observed at Lockport were the same, 20.5 p.p.m. 
Below this point, the first-stage B.O.D. is shown to diminish more 
rapidly than the second-stage B.O.D., probably because of the higher 
rate of oxidation of the former and because oxidation of the latter 
doubtless lags considerably behind that of the former, in the stream as in 
the laboratory. 

TasLe III.—Comparison of Calculated and Observed Ordinates of Five 40-day B.O.D. 

Curves Illustrated in Figure 6 
Caleulated ordinates based on Constants given in Table 2 


ae : Ordinate of Curve (B.O.D. Satisfied, p.p.m. 
lime from Initial 


Point (t), in Days 


Lockport Morris Marseilles Peru Henry 

5—Calceulated 13.2 6.9 iz 5.4 3.3 
Observed 13.1 7.0 ia 5.4 a0 
10—Caleulated 17.9 12.7 [3.5 10.6 6.5 
Observed 17.9 1333 13.0 10.6 6.4 
15—Caleulated 24.7 17 7 17.1 14.3 8.4 
Observed 25.9 17.8 18.8 15.9 9.2 
20—Caleulated 29.5 21.2 19.5 16.7 9.8 
Observed 29.5 21.4 19.9 16.8 9.7 


30—Caleulated 
Observed 








Calculated 
Observed 38.4 21.9 23.6 20.5 12.3 
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Utilizing these average values of (k.) and (k,,) and also those of (L,) 
and (L,) as given in Table II, it is possible to estimate, by the method 
previously described, the proportion of the decrease in B.O.D. observed 
between Lockport and Henry (considering separately the first-stage and 
second-stage demands) which might be attributable to oxidation in the 
stream proper and to the combined effects of dilution, sedimentation and 
adsorption. As the mean time of flow between the two points approx- 
imated 3.3 days throughout the period of the tests, we may estimate 
that with first and second stage B.O.D.’s observed at Henry equivalent 
to 4.8 and 7.7 p.p.m., respectively, these demands represented residuals 
from oxidation in the stream proper of B.O.D.’s at Lockport equivalent 
to 

1.8 XK 10°-10%x3-3 = 10.3 p.p.m. (1st stage) 
and 
7.7 X 10°-931x3.3 = 9.8 p.p.m. (2nd stage) 


The difference between these respective figures and the observed first- 
and second-stage B.O.D.’s at Lockport would represent the reduction 
due to the combined influences of dilution, sedimentation and adsorption. 
As the first and second stage B.O.D.’s observed at Lockport from these 
tests (Table II) were the same, that is, 20.5 p.p.m., these differences 
would be 20.5 — 10.3 = 10.2 p.p.m. for the first-stage B.O.D. and 
20.5 — 9.8 = 10.7 p.p.m. for second-stage B.O.D. The practical agree- 
ment between these two differences, serves to confirm, in a broad sense, 
the expectation that these physical influences noted should exert about 
the same combined effect on the carbonaceous and the nitrogenous 
materials comprising the first and second-stage B.O.D. 

An important practical question involved in the interpretation of the 
foregoing data is that of whether the progressive oxidation of the nitrog- 
enous or second-stage B.O.D. in a bottom-sludge deposit would be 
expected to exert a deoxygenating effect on the overlying stream, as is 
the case with the oxidation of the carbonaceous, or first-stage oxygen 
demand. From such evidence as is available it seems very doubtful that 
second-stage oxidation would have such an effect under natural conditions 
of a stream, as the primary intermediate product of such oxidation is 
ammonia, which is, of course, readily soluble in water and presumably 
would be carried away by the stream before it could be oxidized to nitrite 
or nitrate, unless the stream itself were definitely in a state of nitrification. 
But nitrification does not ordinarily occur in portions of polluted streams 
subject to sludge deposition, which usually proceeds in zones more or 
less immediately downstream from major sources of pollution, where 
oxidation is in the first stage. This is clearly shown in the curves of 
Figure 6 for the upper sections of the Illinois River above Lockport, in 
which most of the active sludge deposition takes place. It is quite 
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possible, however, that the liberation of ammonia from portions of 
sludge deposits undergoing slow nitrification might have some influence 
on the course of second-stage oxidation in downstream zones far remo ed 
from immediate sources of pollution. 


SUMMARY 


As a basis for a later discussion of certain observational and experi- 
mental data bearing on rates of oxidation in natural streams polluted by 
sewage and certain types of industrial wastes, the various factors have 
been pointed out which modify observed progressive changes in the 
B.O.D. of polluted stream waters. Among these factors are intermediate 
inflow (pollution or dilution), sedimentation and adsorption, channel 
scouring, the presence of an “immediate” or ‘‘ enzymic” oxygen 
demand and a transition from first-stage to second-stage oxidation in the 
stream proper. 

In this connection it has been shown how corrections for the effect of 
these several factors may be applied to observed changes in the B.O.D. 
of the stream and how a rational method of calculating the deoxygenating 
effect of sludge deposits may be developed from observations of B.O.D. 
in the supernatant water. The simple formula developed yields results 
indicating that after a sufficiently long period of sludge accumulation, 
the rate of oxidation of the sludge deposit tends to approach very closely 
the rate of B.O.D. accumulation in the deposit. Where this condition 
prevails, the total rate of oxidation in the stream is measured very 
nearly by the observed change in B.O.D. between successive sampling 
points, when corrected for the effects of intermediate inflow. 

A method is described for estimating from concurrent 1-day and 5-day 
B.0.D. tests of the stream water, the proportion of ‘“ immediate ”’ 
oxygen demand in the water, and the practical application of this method 
is illustrated by an example. 

From an analysis of graphs of two-stage B.O.D. curves obtained from 
the average results of an extensive series of 40-day B.O.D. tests made by 
the Sanitary District of Chicago at several points in the Illinois River, 
it is shown that the transition from first-stage to second-stage oxidation 
in samples of the river water tends to be advanced, in progressing down- 
stream, roughly by the time of flow of the river between various sampling 
points. It also is shown, from a discontinuous equation fitting these 
curves, that at 20° C., the specific rate of the second, or nitrification, 
stage of oxidation is approximately one-third the rate of first-stage, or 
carbonaceous, oxidation, which tends to approach closely the laboratory 
value, 0.1, established by the work of Phelps and Theriault. 

Aside from yielding a new constant, namely, that which defines the 
rate of second-stage oxidation in terms similar to those of the Phelps- 
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Theriault constant for first-stage oxidation, the results of analysis of 
these two-stage oxidation curves have contributed the best and most 
direct evidence which thus far has come to the writer’s attention indicat- 
ing that the rate of oxidation of sewage matters under natural stream 
conditions approaches closely the corresponding rate as measured under 
laboratory conditions of the ordinary incubation test for biochemical 
oxygen demand. If further evidence of the same kind should confirm 
this finding, a fact of primary importance in the accurate measurement 
of natural stream oxidation by the usual laboratory methods will have 
been firmly established. 

In connection with this paper, three additional new constants have 
been discussed and the need existing for their more precise definition has 
been pointed out. These are: (1) a constant, or series of constants, 
defining the specific rate of oxidation of sewage sludge deposits in 
natural streams; (2) a temperature coefficient for this rate, for tem- 
peratures ranging up to the summer maxima for natural streams; and 
(3) a temperature coefficient for the rate of oxidation of ‘‘ immediate ” 
or “ enzymic ’’ oxygen demand, likewise for temperatures ranging up to 
the summer maxima for natural streams. A systematic effort is now 
being made at the Stream Pollution Investigations Station of the Public 
Health Service to determine values of the sludge deposit constant under 
experimental conditions approximating those of natural streams. It is 
possible also that from this series of experiments, now in progress, some 
data bearing on the temperature variations of this constant will be 
obtained, though in order to do so the observations now planned will 
have to be extended considerably in their scope. Although some pre- 
liminary data bearing on the temperature variations of the “‘ immediate ” 
oxygen demand constant have resulted from the work of Theriault and 
McNamee referred to in this paper,'* these writers have noted the need 
existing for more elaborate and precise confirmatory evidence on this 


‘cc 


point. 

The new method herein proposed for estimating the cumulative deox- 
ygenating effect of sewage sludge deposits in natural streams, utilizing 
ordinary B.O.D. determinations in the stream water at two or more 
sampling points, can be shown, as above indicated, to yield total rates 
of deoxygenation for the entire stream section closely approaching, for 
long periods of time, those which are measured directly by the observed 
net rate of decrease in the total oxygen demand of the supernatant 
stream water. The length of this period will depend on the stream 
temperature and on the rate at which the sludge deposit is oxidized, 
being longer for lower stream temperatures and lower rates of sludge 
oxidation. For this reason, due caution should be exercised and account 
taken of these limitations in attempting to use the observed rate of 
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decrease in the oxygen demand of a stream water as a direct measure 
the total rate of oxidation in the stream. 
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In the second part of this paper, the second major factor involved 


natural stream oxidation, namely reaeration, which constitutes the sow « 
of oxygen by which the internal processes of stream oxidation are su 
ported, will be discussed from a similarly basie viewpoint. In this con- 
nection practical methods will be described for measuring reaeration : 
for estimating the combined effects of this and the oxygen demand facior 
on the course of oxygen loss and recovery in sewage-polluted streams 
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WATER POLLUTION STUDIES IN WISCONSIN 


EFFECTS OF INDUSTRIAL (PULP AND PAPER MILL) 
WASTES ON FISH 


By ArcH E. CoLe * 


Temporary Biologist, Wisconsin State Board of Health 


Introduction 
By Lovuts F. WARRICK 


State Sanitary Engineer, Wisconsin State Board of Health, Madison 


Stream pollution by industrial wastes has created numerous many- 
sided problems. One such problem involves determination of the causes 
for injury to or destruction of fish, and the development of ways and 
means demanded by the publie for protection of fish life. In pollution 
abatement activities in Wisconsin questions are frequently asked as to 
the specific effects of certain wastes on fish and other aquatic life. The 
literature provides some information. For instance, it is fairly well 
known that pollution may detrimentally affect fish in any or all of the 
following ways: (1) by changing natural stream conditions, such as 
depleting the dissolved oxygen, so that the fish suffocate, or seek another 
habitat, either due to the oxygen deficiency or to the effect the wastes 
have on plants or lower animal life constituting fish food; (2) by direct 
poisoning or killing of fish by toxie substances, and (3) by interference 
with the development of fish life and young fish, that is, influence on the 
reproduction of the species. Much is yet to be learned, however, con- 
cerning the relative importance of these factors and the degree of toler- 
ance of fish for various kinds of trade wastes. There is definite need 
for such knowledge in the development of waste utilization or treatment 
procedures intended to solve pollution problems involving protection 
of fish and fishing interests. Studies to meet this need in part have 
been carried out during recent years. The object of this report is to 
describe experiments conducted in Wisconsin to provide information 
concerning the effects of pulp and paper mill wastes on fish. 

Experimental work described was undertaken as part of the gen- 
eral pollution control program of the State Committee on Water Pol- 
lution. The studies were conducted during the summer months of 
1930, ’31 and ’32 by the temporary biologist of the Bureau of Sanitary 
Engineering, Wisconsin State Board of Health, which is the adminis- 
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trative agency for the Committee on Water Pollution. Chemical analy- 
ses, other than control tests, were made by the State Laboratory of 
Hygiene, space and facilities for setting up fish tanks were furnished 
by the Hydraulic and Sanitary Engineering Department of the Univer- 
sity of Wisconsin, and fish were obtained with the assistance of the Wis- 
cousin Conservation Commission. Only through the interested coopera- 
tion of all concerned was it possible to carry out to best advantage the 
studies herewith reported. 

Waste liquors from the sulphite and sulphate (kraft) processes of 
pulping wood were used in the experimental work. It has previously 
been shown that these wastes deplete the oxygen in streams, the sulphite 
wastes having a much higher oxygen demand than Kraft pulp mill 
wastes. Depletion of the dissolved oxygen in a stream by these wastes 
will eause fish to migrate or die of suffocation. It was desired to ascer- 
tain: (1) whether in addition to their oxygen requirements, these wastes 
had direct toxie or poisonous effect; (2) whether the effluent from a re- 
covery system proposed for utilizing certain constituents of sulphite 
waste liquor would remove such toxic effects as might be found to exist ; 
and (3) whether treatment with ozone would reduce or eliminate any 
toxic effects occasioned by the wastes. The work also included a study 
of the influence of wood fiber or paper pulp in suspension in water on 
fish. 

In brief, the results obtained indicate that the primary effect of sul- 
phite and sulphate waste liquors on fish life is through removal of the 
dissolved oxygen from the water. While it was found that direct toxic 
effects on the game fish used in the experiments occur with both wastes 
in high concentrations, such concentrations would not be expected in 
streams below pulp mills in Wisconsin, except possibly in the immediate 
vicinity of sewer outlets. Fish died in short periods in 1 to 50 dilu- 
tions of sulphite waste liquor, but many survived the duration of the 
experiment (28 days) in a dilution of 1 to 200 without any serious ill 
effects. While dilutions of 1 to 500 of sulphate waste liquor were irri- 
tating to fish, definite toxic effects occurred mainly in dilutions of 1 
to 200 or less. Death of fish is attributed to respiratory paralysis, 
caused in part presumably by mereaptans or sulphur compounds. Since 
these sulphite and sulphate wastes would probably deplete the dissolved 
oxygen in a stream below the critical amount necessary to sustain fish 
life before the above limiting dilutions for toxic effects are encountered, 
the most significant characteristic from the pollution point of view is 
their oxygen demand. Our present knowledge does not permit any 
statement concerning their relative effects on fish foods and reproduc- 
tion of the species. 

Oxygen demands of the waste were reduced by aeration, observa- 
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tions indicating that the toxicity of the sulphate liquor was also reduc 
The toxicity of the effluent from the recovery process proposed for si:|- 
phite waste liquor was but slightly reduced as compared to the raw 
liquor, even though studies have indicated that at least a 75 per ceut 
reduction in oxygen demand could be accomplished by the process. 
Ozone treatment of the wastes did not accomplish expected improvemenis, 
and from the results obtained and other considerations it appears that 
the process is of limited value in connection with securing practical 
solutions of pollution problems occasioned by sulphite and sulphate waste 
liquors. 

Tests indicate that pulp fiber does not ordinarily accumulate in, and 
clog the gills of fish, causing death by suffocation. There is, however, 
the possibility that fibers and other solids will settle to the bed of a 
stream and decompose there, using up the dissolved oxygen necessary 
to support fish and other aquatie life. 

The degree of tolerance of the species of fish included in the experi 
ment to small amounts of dissolved oxygen has been more definitely es- 
tablished by the data obtained with the control tanks. The information 
further supports the selection of two parts per million of dissolved 
oxygen as the very minimum for sustaining fish life for general stream 


pollution control activities.’ 


THe Errects oF WASTE SULPHITE LIQUOR ON FISH 


It is well recognized that waste sulphite liquor has a very high oxy- 
gen demand, and that when discharged into a stream, it will take up the 
oxygen dissolved in the water until its oxygen requirements are satis- 
fied. Furthermore it is obvious that if this depleting process lowers the 
dissolved oxygen content of the water below the critical point, the fish 
life of the stream will die from suffocation. But aside from the effects 
due to lack of oxygen, does the sulphite liquor have a toxie influence on 
the animal life with which it may come in contact? 

Reports on the effects of sulphite liquor on fish have been made by 
Knight (’01),? Marsh (’07),* Thomas (’19),* Sutter and Moore (’22 
Belding (’27),° and Nightingale and Loosanoff (’28).7 These investi- 
gations indicate that the deleterious effects of waste sulphite liquor are 
due mainly, if not entirely, to the depletion of oxygen and that the 
problem of sulphite pollution may be effectively solved by satisfying 
the oxygen demand of the liquor at the expense of sources other than 
the dissolved oxygen of the water of the stream. Insofar as we are 
aware no attempt has been made to separate a possible toxie effect from 
one of oxygen depletion. The following experiments were designed to 
determine whether or not waste sulphite liquor had a toxie effect on fish 
which were subjected to its influence. 




























yellow perch (Perca flavescens), the blue-gill (Lepomis pallidus), the 
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Methods Employed.—lIf fish were exposed to various dilutions of 
waste sulphite liquor which were continuously aerated to a point that 


a residue of dissolved oxygen was maintained over and above the imme- 
diate requirements of the liquor, then it would appear logical to as- 
sume, other factors being equal, that any abnormal condition appearing 
in these fish should be ascribed to a toxic effect of the sulphite liquor, 
and not to oxygen deficiency. To be conclusive, such experiments should 
be carefully guarded by controls of fish in (1) non-aerated dilutions of 
liquor, (2) aerated water, (3) non-aerated water. 

Accordingly a series of metal tanks of 250 gallon capacity were set 
up in a sub-basement where the temperature was quite uniform. (See 
Figure 1.) The inner surfaces of the tanks were coated with paraffin 





Fig. 1.—View of the laboratory where the fish experiments were conducted. 
The tanks in the foreground contain non-aerated dilutions which were mechanically 
stirred or agitated. In the background is the chemical table and the weighing tank. 


to protect the metal from the corrosive action of the sulphite liquor. 
Compressed air, forced through basswood plugs, provided oxygen for 
the aerated dilutions and also maintained thorough mixing. (See Figure 
2.) Mechanical stirrers kept conditions constant in the non-aerated 
tanks. The diluting water was from the lake from which the experi- 
mental fish were taken. Only hardy, mature fish were used. In any 
species the fish selected were of uniform size. The species included the 
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large mouth black bass (Micropterus salmoides) and a few others which 
were not available in sufficient numbers to be of any great value. .\]l 
these fish are normal inhabitants of the rivers of Wisconsin into which 
pulp and paper mill wastes are being discharged. The sulphite liquor 





Fie. 2.—Another portion of the laboratory. The tanks in the foreground con 
tain dilutions which are being aerated. Note the foam which is accumulating on the 
surface. 


used was taken directly from a pulp mill digester, immediately before a 
blow-off period. It had a specifie gravity of 1.048. Analyses of the 


sulphite waste liquor are given in Table I. 


TABLE I. -Analyses of Sulphite Waste Liquor Used in Fish Experiments 


Determination Sample Number 
I II 

URN TEINE Oesos S olis. eas g Sore aie sig ble wale dleuerew 99,060 p.p.m. 127,730 p.p.m. 
SU RIMR MRPRUO RINE 6 25 5 ss loico ne bb wos sks d ww ob G'A's13% we 82,360 ei 115;330 ** 
Ee oe eae a ae eee 1,368 vid log ** 
Loss on Ignition of Suspended Solids ............ Bia. = 20. «SS 
SR ER REMN EID os it ga sn i nine wine wpa > Se» sw es 66,000 66 66,800 <5 
5 Day Biochemical Oxygen Demand .............. 10,200 ‘* 102600 <4 
8 OT LT | 0.774 0.609 
oe ee CLOT aIS LTC < Tt (a eer 0.020 0.01% 
Combined Sulphur Dioxide ..................... 0.759 0.59 O7 


*Sample I—Collected from the side relief of a digester just before the end of 
the cook. 
Sample II—Obtained from a cook using hemlock chips. 
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The dilutions used were 1 to 50, 1 to 100 and 1 to 200. These con- 
centrations are considerably higher than will be found in any river 
below a sulphite pulp mill in Wisconsin, but it was believed that toxie 
effects, if any, would be more evident and appear much sooner than they 
would in weaker concentrations. The dissolved oxygen content (Theri- 
ault’s modification of the Winkler method),® pH and temperature read- 
ings were made at least daily. The biochemical oxygen demand was 
determined three times a week. The behavior of all fish was carefully 
watched. The fish were examined frequently to determine their con- 
dition. Practically all fish were autopsied at death or were killed at the 
end of the experiment and examined for gross abnormalities. 

Results and Discussion.—In the aerated control, the blue-gills and 
black bass lived the duration of the experiment (28 days). The perch 
lived, on the average, 11 days, but succumbed to infections of Sapro- 
leenia. The pH varied from 8.1 to 7.8; the temperature from 23° to 
19°; the dissolved oxygen content from 7.6 to 5.0 p.p.m. With the 
exception of the perch, all fish behaved in an apparently normal manner, 
took food regularly and at autopsy showed no gross abnormalities. 

In the non-aerated control, the dissolved oxygen dropped rapidly, 
and most of the fish died with symptoms of oxygen hunger. With the 
decrease in the number of fish, the few remaining lived for several days. 
Some of the black bass lived for 19 days, having successfully withstood, 
for a period, a dissolved oxygen content of less than 0.8 p.p.m. 

In the non-aerated sulphite dilutions, 1 to 50, 1 to 100, and 1 to 200, 
all fish quickly showed signs of oxygen hunger, swam at the sur- 
face, gulped air and died within a few hours. The length of life of the 
fish in the different dilutions varied with the concentration of the 
sulphite liquor. This would be expected, for the rate of oxygen consump- 
tion by the liquor varies directly with its concentration. At the time of 
death, no dissolved oxygen could be detected in any of the non-aerated 
dilutions. (See Fig. 3.) 

All the aerated dilutions were aerated for 48 hours before intro- 
ducing the fish. In the 1 to 50 dilution, however, even this preliminary 
aeration was not sufficient to maintain an oxygen reserve, for the fish 
showed all signs of oxygen hunger and died in a comparatively short 
time. No dissolved oxygen could be detected in the dilution at the time 
of death of the fish. 

In the aerated 1 to 100 and 1 to 200 dilutions, a dissolved oxygen con- 
tent was maintained. The fish showed no signs of oxygen hunger, and 
many lived for 28 days, when the experiment was concluded. However, 
they were not as active as the fish in the control tanks. They made much 
less effort to evade capture. Their respiratory rate was slightly in- 
creased. They were much more susceptible to injury and small wounds 
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became very raw. The sulphite liquor did not appear to be parti: 
larly irritating, for they were never seen to rub themselves against ti: 
sides of the tank. 

Besides slightly increasing their respiratory rate, the sulphite liqu 


also seemed to interfere with the utilization of oxygen. In the non- 
aerated control, black bass were able to withstand a period when 1 
dissolved oxygen content was less that 1.0 part per million. They lived 





Fig. 3.—A non-aerated dilution with dead or dying fish at the bottom of the tank. 


only two hours when placed in a 1 to 50 dilution that had been aerated 
so that its dissolved oxygen was over 2.0 p.p.m. Whether the sulphite 
liquor decreased the absorptive power of the gill membranes, disturbed 
the equilibrium of gaseous exchange in the blood or increased the gen- 
eral metabolic rate, was not determined. The last assumption does not 
appear probable, as there was no evidence of increased activity or hyper- 
excitability of the fish while in contact with the liquor. In all dilutions, 
a considerable amount of slime developed on the sides of the tanks. The 
question of mechanical obstruction of the gills might be raised, but 
microscopic examination of the gill filaments showed them to be free 
from any slime coating. 

The fish that died in these aerated dilutions showed no unusual 
symptoms. This is in accordance with Belding’s (’27) ® observations. 
Autopsies of the dead fish and those killed at the end of the experiment 
were carefully made. All organs except the gall bladder appeared to be 
normal. In practically every case, the gall bladder was gorged with a 
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watery bile, which was straw colored, instead of the usual bluish green 
color. In some instances, the bladder was nearly as large as the liver. 
his abnormality was not found in any of the control fish and conse- 


r quently could not be correlated with the oxygen supply. Neither was 
5 it related to the amount of food consumed. 

Microscopie examination of the walls of the gall bladder and the liver 
l did not show any striking pathology. However, in various areas in the 


liver. cells were vacuolated (indicating degeneration) and resembled ¢er- 
tain pathological conditions of the mammalian liver resulting from toxins. 
These findings may be interpreted as due to the toxie effect of waste 
sulphite liquor, or one or more of its by-products formed during oxi- 
dation, which interfered with the normal excretion of bile by the liver 
and also suppressed the normal activity of the smooth muscle of the 
bladder and its duets, thus preventing the escape of the watery fluid 
into the intestine. This paper does not attempt to explain how the sul- 
phite liquor causes these abnormalities, but merely aims to correlate the 
eross and microscopical findings with exposure to the liquor. 

The perch were much less resistant, both to the liquor and to low oxy- 
ven tension, than were either the blue-gills or the large mouth black bass. 





Shelford (718) * rates the perch as more resistant than the black bass. 
In these experiments, just the reverse was found to be true. 

The sulphite liquor is decidedly acid in its reaction. However, in 
the weaker coneentrations, particularly when aerated, the pH remained 
on the alkaline side of neutrality, due to the alkalinity of the diluting 





water. In the non-aerated dilutions and in the 1 to 50 aerated dilutions, 

the reaction was definitely acid, the pH falling as low as 5.9. Fish, in 
veneral, have a low acid tolerance, but have been found living in waters 
having a pH as low as 4.6. Fish died more rapidly in the dilutions which 
were acid. Their deaths were presumably from lack of oxygen but the 
acidity may have been a contributing factor. 

In these experiments, the biochemical oxygen demand results shed 
little light on the problem. As would be expected, the stronger the con- 
centration, the greater the B.O.D. This demand decreased with oxida- 
3 tion but varied considerably, inasmuch as the growth of bacteria and 


P fungi in the tanks and the accumulation of organic wastes added their 
a increment to the total oxygen demand. 


A second series was run, using sulphite liquor from a cook of hem- 
lock chips. The results were practically the same. A third series was 
made, using the tail liquor from a process in which by-products were re- 
covered from the original waste sulphite liquor. The results varied only 
in degree. This tail liquor was alkaline and had a much lower oxygen 
demand than the raw liquor, consequently the fish successfully with- 
stood slightly higher concentrations of this waste recovery system 
effluent. 
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Summary.—These experiments indicate that while the main effect of 
pollution by waste sulphite liquor lies in the depletion of the dissolved 
oxygen content of the water, the waste also has a poisonous or toxic 
effect on fish life. It causes them to become sluggish, increases their 
respiration, interferes in some way with the utilization of oxygen aud 
causes an interference with the normal excretion of bile by the liver 
and its discharge from the gall bladder. These toxie effects, however. 
appear in concentrations so great as to be almost outside the range of 
possibility of occurrence in any river in Wisconsin receiving sulphite 
pulp mill wastes, except within the immediate vicinity of sewer outlets. 
Furthermore, even after an exposure for 28 days in aerated dilutions of 
1: 200 many of the fish did not appear to be seriously affected. 

What further effects the liquor might have can only be presumed. 
A slow acting poison might possibly be fatal after a longer period of 
exposure. Decreased activity might make them an easier prey for their 
enemies. Reproduttive capacities might be interfered with, which would 
result in a great depletion of the fish in a polluted stream. But such 
are speculations and no evidence is presented to substantiate any of them. 


Il. THe Toxic Errects oF WASTE SULPHATE Liquor (BLACK Liquor) 
2 t 2 


ON FisH 


Black liqour, the effluent from the alkali cook of wood chips in the 
manufacture of sulphate (kraft) pulp, is generally considered to be harm- 
ful to fish, and in sufficient concentrations to be fatal to them. The oxy- 
gen demand of the liquor, while not as high as that of sulphite liquor (due 
to the salvage of about 85 per cent of the chemicals in the recovery proc- 
ess), 1s satisfied at the expense of the dissolved oxygen of the diluting 
water. Consequently, when this waste is discharged into a stream, it may 
cause the death of fish by depleting the dissolved oxygen content of the 
water. In addition, it has been suggested that the chemical constituents 
of the liquor, or substances produced by their decomposition, may also 
have a toxic effect on fish life. 

The literature dealing with this particular problem is very meager. 
Nightingale and Loosanoff (’30),1° reported that, with the dissolved 
oxygen content maintained above the critical point, a 1 to 15,000 dilu- 
tion of black liquor was harmless to Chinook salmon fry and fingerlings, 
but that stronger concentrations produced deleterious effects. The ex- 
tent and nature of the toxic effects of waste sulphate liquor on fish was 
investigated in a series of experiments which are reported herewith. 

Methods.—The methods employed in this investigation were essen- 
tially the same as those described in Section I. The fish were exposed to 
the waste sulphate liquor in large tanks (250 gallon capacity). The 
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dissolved oxygen content was maintained by aeration. Controls of non- 
aerated dilutions and also of unpolluted lake water, both aerated and 
non-aerated, were employed. Physical conditions in the set-up were as 
uniform as possible. 

The fish used were perch, blue-gills, large mouth black bass and rock 
bass. Only mature, hardy individuals of approximately the same size 
were used. Throughout the course of the experiment, they were fre- 
quently examined; their behavior was carefully watched and checked 
with that of the controls. All fish were autopsied at death; those which 
survived the experiment were killed and examined for gross abnormali- 
ties 

The experimental dilutions of the liquor used were 1 to 50, 1 to 100, 
1 to 200 and 1 to 500. These concentrations are higher than any found 
in a river below Wisconsin sulphate mills, except near sewer outlets; 
but, as there was a definite time limit for the experiment, it was thought 
advisable to use higher econeentrations so that any toxic effect might 
become evident in a shorter period of time. Routine determinations 
for dissolved oxygen (Theriault) ® and biochemical oxygen demand and 
pH and temperature readings were made. 

The sulphate liquor from which the dilutions were prepared was 
taken from the effluent pipe leading from a pulp mill digester to the 
strong liquor storage tank, before appreciable dilution by pulp wash 


water. The following analyses were made: 


TABLE IT.—Analyses of Black Liquor Before and After Dilution and Aeration 


1 to 100 Dilution 


3efore Dilution Aerated 30 Days 
SUNG IONE ac (srg Sigvaves pce Sus in weiss le bik enetata & 261,680 p.p.m. 2,076 p.p.m. 
TEAR ONNMEEN EGz. cr Yeca sc cs og ich hie devo ene mons, Mea eravs 113,080 ‘* 1120: -** 
NGUIIO PSOUNIS: 6.5 ce 8 0 <6) 605505 8nsilp ous. sao atone (olen 148,600 ‘¢ 956 ‘§* 
ROOUNERIEG ORME, (acd esse eas wp Rcorals niosaate os 258,438 ‘** " 2,030 ‘‘ 
AARTENC OM COINMIE: is ss-s5 5 aie sede erelviwacdrelsie,s 3,242 46 < 
Fixed Suspended Solids ............0.... 1060 § OF ae 
XV GCN WORSWMNON 6.66.6 se ee bie ceisewes 320,000 *° 15,000 ‘*6 
AMEN SCN EE a es ONO eae nae ee 2.2% 0056 % 
BOT NOL arcs bir vars a5 ain tas lety BiSia ase ores sears 0.0% -0049% 
POA RENARD <i Sty op ec NS ota lelions atorePaacouets 2.2% 0007 % 
OCMC CAVE S555 aso nye Goce arse ansiti eg ohare Lie 


Results and Discussion.—The fish in the aerated control behaved in 
anormal manner. Aside from the perch, which were d&illed by an in- 
fection of Saprolegnia after 11 days, all but one lived over 50 days. 
When killed and examined no unusual findings were observed. 

In the non-aerated, unpolluted-water control tank, the fish quickly 
used up the available oxygen, and thereafter the amount of oxygen ab- 
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sorbed at the surface was not sufficient for their needs; consequent 
they exhibited all signs of oxygen hunger and most of them died from 


asphyxiation after a few hours. One perch, the blue-gills and the black 
bass survived a period when the dissolved oxygen was less than (.9 
p.p.m. The perch and blue-gills died after a few days, but the bla 


bass lived 50 days. The dissolved oxygen never exceeded 2.4 p.p.m. 


Xv 


The fish exposed to the non-aerated dilutions of sulphate liquor died 
in a very short time. In the 1 to 50, 1 to 100 and 1 to 200 dilutions, all 
fish were dead within 30 minutes. In the 1 to 500 dilution, some fis 


l 

(black bass) lived 45 minutes. The higher dilutions were extremely 
irritating to the fish. After introduction, they immediately swam to 
the surface, thrashed about, jumped, swam into the sides of the tank, 
eulped air. Examination at death showed a bleaching of the color mark- 
ings. The mucous coating of the scales was coagulated. The gills were 
pale and corroded. Almost invariably they had disgorged their stom- 
ach contents. No dissolved oxygen could be detected in the dilution. 
In the 1 to 200 dilution, the signs of irritation were not so marked, 
otherwise their behavior was the same. Again no dissolved oxygen 
could be detected. In the non-aerated 1 to 500 dilution, the fish ex- 
hibited less evidence of irritation but showed all the usual signs of air 
hunger. At the time of death, the dissolved oxygen content of the dilu- 
tion was still 2.0 p.p.m. After all respiratory movements had ceased, 
the heart was found to be beating. They apparently died of respirator) 
failure in the presence of oxygen normally sufficient to maintain life. 

All the aerated dilutions were aerated for 48 hours before the fish 
were introduced in order to insure an adequate dissolved oxygen con- 
tent. In the 1 to 50 dilution the fish behaved in the same manner as 
they did in the 1 to 50 non-aerated dilution. They jumped and thrashed 
about, swam at the surface and gulped air. All were dead within an 
hour. Examination at death showed color markings bleached, a heavy 
coating of coagulated slime over the body, gills pale and corroded. The 
dilution still showed 1.3 p.p.m. of oxygen. 

In the aerated 1 to 100 dilution the majority of fish died within a 
few (9 to 14) hours, although some of the black bass lived for 42 hours. 
At the end of 12 hours, the dissolved oxygen was still above 3.0 p.p.m. 
The fish behaved in the same manner, although the dilution did not ap- 
pear to be quite so irritating. Examination after death showed bleach- 
ing, coagulated mucous, pale ‘‘moth-eaten’’ gills. In many cases the 
conjunctiva was opaque and infiltrated with a brown precipitate. On 
autopsy, the gall bladder was found distended with a pale, watery bile 
that was acid in reaction, having a pH in some instances as low as 4.8. 
The pH of the bile of normal fish varied from 6.5 to 7.0. In the fish 
that have urinary bladders (black bass) the bladders were gorged with 
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a very acid urine. These conditions were never seen in the control fish. 
lhe fish exposed to the 1 to 200 aerated dilution lived a longer period 
of time. Most of the fish lived 13 to 24 days, although one blue-gill 
and one rock bass lived 30 days (the end of the experiment). The dis- 
solved oxygen was never below 3.7 p.p.m. This dilution was not nearly 
so irritating. The fish Jumped and rubbed themselves against the tank 
at first, but soon showed no evidence of irritation. Bleaching and co- 
agulation of mucous was not so marked. Before death the fish exhibited 
a series of phenomena which usually came on gradually and which was 
followed by death in a relatively short period of time. These behavior- 
istic changes ordinarily occurred in the following order: surface swim- 
ming; slow, labored respiratory movements; weakness and inactivity, 
accompanied by a decrease or loss of response to stimuli; twitching of 
fin muscles; partial loss of equilibrium; sudden spasmodic or convulsive 
swimming movements; partial spastic paralysis of fin muscles, first of 
the pectoral fins, then the pelvic, the fins usually being held in abnormal 
positions; respiration slower and more labored; finally death from 
paralysis of respiratory muscles. On autopsy, immediately after 
cessation of respiratory movements, the heart was found to be beating, 
the gall bladder gorged with a pale, watery, acid bile and the urinary 
bladder (if present) dilated with a very acid urine. Microscopie exami- 
nation showed definite pathology in the liver. Cells in the various areas 
were vacuolated and showed evidences of fatty degeneration. 

The dissolved oxygen of the 1 to 500 dilution was at all times above 
the critical point. The fish in this dilution exhibited, in general, the 
same series of findings although certain stages might be less marked, 
others more evident. Some fish, particularly the perch, finally died of 
respiratory paralysis and autopsy showed the same general findings. 
The majority of the blue-gills, black bass and rock bass lived 30 days 

the end of the experiment). Some of these evidenced at times certain 

of the general toxie signs, but eventually recovered. When killed and 
autopsied, practically all showed large gall bladders and acid bile. The 
liver pathology in these eases was less obvious. 

These findings indicate rather conclusively that waste sulphate liquor 
in sufficient concentration is toxic to fish. In the higher concentrations 
the liquor is decidedly irritating and coagulates the protective mucous 
coating of the body. This is probably due to the high alkalinity of the 
liquor. The pH of the higher concentrations was above 10.5. The 
weaker dilutions, that had a pH of less than 9.6 were not nearly so irri- 
tating. The alkalinity decreased with oxidation (aeration) of the waste. 
Fish introduced into the higher concentrations that had been aerated 
for some time and whose pH was around 8.5, showed no signs of irri- 
tation. The fish responded to the irritating factor by secreting copious 
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amounts of slime which was almost immediately coagulated. This iiri- 
tating factor probably also caused the opaqueness of the conjunctiva. 
Fishermen have often reported blindness in fish living in sulphate pol- 
luted waters. 

In the non-aerated dilutions, where the dissolved oxygen dropped to 
zero, the fish died from asphyxiation, although the irritating factor was 
undoubtedly a contributing cause, for the gill filaments were always 
found to be ragged and corroded. In the 1 to 500 non-aerated and the 
1 to 50 aerated dilutions, the fish died when the dissolved oxygen con- 
tent was higher than that of the non-aerated control which many of them 
were able to withstand. The sulphate waste appears to act in a manner 
which interferes with the proper utilization of oxygen. 

The series of toxie signs which developed in the fish that were ex- 
posed to sulphate liquor dilutions in which the dissolved oxygen con- 
tent was maintained well above the critical point, indicate conclusively 
that the fish died of respiratory failure. Certain sulphur compounds 
are known to be toxic to mammals, where they act as depressors of vari- 
ous medullary centers. Poisoning by these compounds results in con- 
vulsions and spastic paralysis. The victims die of respiratory failure 
due to paralysis of respiratory muscles. The excretions and secretions 
of such animals are more acid than normal. The toxicity of waste sul- 
phate liquor to fish can probably be explained on this basis. Certain 
sulphur-containing constituents act through the central nervous system, 
causing spastic paralysis of muscles which would result in death from 
respiratory failure. The equilibratory derangements would follow the 
partial loss of activity of the fin muscles. Paralysis of the sphincters 
at the mouths of the gall and urinary bladders would prevent the 
normal discharge of the contained fluids. High acidity of excretions are 
characteristic of this type of poisoning. The pathology found in the 
liver can be correlated with the increased acidity of the bile. 

What constituents of the liquor are responsible for the toxicity is not 
known. However, methyl mereaptan, known to be contained in waste 
sulphate liquor, and the compound which imparts the ‘‘rotten cabbage”’ 
odor to the liquor, is known to be toxic. Fish were exposed to water 
containing less than 1 part per million of methyl mereaptan (the dis- 
solved oxygen content being at all times above 6.8 p.p.m.). They lived 
not over 11 hours and exhibited most of the toxie signs previously de- 
seribed for sulphate liquor. This indicates that methyl mereaptan may 
be one of the toxie factors in waste sulphate liquor. 

Prolonged aeration decreased the toxicity of the liquor. Fish ex- 
posed to dilutions that had been aerated for a long time live for much 
longer periods of time than when introduced at the beginning of aera- 
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tion. Aeration decreased the oxygen demand of the liquor and appar- 


ently oxidized, drove off, or otherwise reduced the toxie constituents. 

The concentrations used in these experiments were definitely higher 
than any which would usually be found in a river, except in proximity 
to mill outlets. Whether extremely low concentrations, working over 
a long period of time, would produce chronic sulphate poisoning, is not 
known. However, fishermen have many times reported that fish taken 
from sulphate polluted waters, are oftimes blind, sluggish and otherwise 
abnormal in their behavior. These observations would not be contrary 
to an interpretation of a mild, chronie sulphate poisoning. 

Conclusions.—Waste sulphate liquor is definitely irritating to fish in 
concentrations of 1 to 500 or higher. It coagulates the mucous cover- 
ing of the seales, bleaches the color markings, corrodes the gills and 
makes the conjunctiva opaque. It robs the diluting water of its oxygen 
and the fish are asphyxiated. Aside from these effects the sulphate 
(black liquor) waste is definitely toxie (especially in dilutions of 1 to 
200 or less), and kills fish in varying periods of time depending upon 
the concentration of waste. The signs of poisoning include a decreased 
respiratory rate, decreased activity, loss of general sensibility, twitch- 
ing of muscles, equilibratory derangements, spasmodic movements, spas- 
tic paralysis of fin and opercular muscles, and finally, death from res- 
piratory paralysis. Autopsy findings include engorgement of gall 
bladder and urinary bladder (when present) and an increase in the 
acidity of the bladder contents. The liver shows definite pathology. 
The toxicity of the liquor is decreased by aeration. 


Ill. THe Errect or Ozone TREATMENT ON THE TOXICITY OF WASTE 
SULPHATE Liquor (BuAck Liquor) To FisH 


Through experimental work described in Section II, it has been dem- 
onstrated that waste sulphate liquor (Kraft) in certain concentrations 
is definitely harmful to fish. Besides being irritating and depleting 
the diluting water of the dissolved oxygen necessary for maintenance of 
fish life, the so-called ‘‘black liquor’’ was found decidedly toxic. In a 
1 to 200 dilution, in which the dissolved oxygen content was maintained 
by aeration above 3.7 p.p.m., the majority of fish died in from 13 to 24 
days, exhibiting a series of behavioristie signs which finally resulted in 
death from paralysis of the respiratory muscles. Prolonged aeration 
decreased the biochemical oxygen demand as well as reduced the tox- 
icity of the liquor to fish. Apparently, aeration results in the oxidation 
of certain constituents of the liquor which have a great affinity for 
oxygen and which are toxic to fish. Now, if prolonged treatment with 
molecular oxygen of the air could bring this about, the same results 
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should be produced in a much shorter period of time by employin-: a 
more powerful oxidizing agent. Ozone, by virtue of its instability ond 






the powerful oxidizing capacity of nascent oxygen, should rapidly de- 





erease the deleterious effects of the liquor. Ozone itself is toxic, jut. 















due to its instability, especially in the presence of organic matter. it 
would not remain as such for any appreciable length of time. It was, 
therefore, thought advisable to determine by experimentation wheiher 
the deleterious effects of waste sulphate liquor could be practically and 
effectively reduced by ozonation. 

Methods.—Samples of sulphate liquor were treated with ozone from 
a generator which produced .33 cu. ft., of ozonized air per minute.* — Its 
efficiency was such that it delivered 6 gms. of ozone per hour at a con- 
centration of 10.5 mgs. per L. Using the same amount of liquor in each 


ease the following ozonations were made: 


TABLE IIT.—Amounts of Ozone Applied to Sulphate Pulp Mill (Black Liquor) Wastes 


Length of Treatment Total Gms. O, Used Gms. O, per Gal. 
SOP MEN ES 5st. 5 h< (51 Foe re ere ke ] A 
Be. [=* ee eee euracs 2 8 








The liquor was ozonated at a temperature of 50° C. to decrease foam- 


ing. ‘Tests were made from time to time to determine that all the ozone 






generated was being used by the liquor. 






These samples were then diluted 1 to 100 and aerated to maintain a 






constant dissolved oxygen content. Controls of aerated 1 to 100 dilu- 






tions of untreated liquor and aerated, unpolluted water were used. Into 






these treated dilutions and controls healthy, mature fish were intro- 





duced. The fish used were perch, large mouth black bass, white bass, 






silver bass, rock bass and blue-gills. The physical conditions of the 






set-up and the routine examinations and determinations were the same 






as in the original work with sulphate liquor. The toxicity was judged 






by the length of life of the exposed fish and their behavior during ex- 





posure. 






Results and Discussion—The following table shows the percentage 
difference in length of life of fish in the 1 to 100 dilutions of sulphate 







liquor with various amounts of treatment with ozonized air, as compared 
| 





with the untreated controls: 






* Grateful acknowledgment is made to the U. S. Ozone Company who placed 






the ozone generator at our disposal, and to Mr. A. B. Conant whose aid was invaluable 






in the process of ozonating the waste liquor. 








nd 


om 


On- 


ich 


In- 


he 








te ee 


WATER POLLUTION STUDIES 995 





Tarte IV.—Longevity of Fish in 1: 100 Dilutions of Ozonated Sulphate (Kraft) Waste 
Liquor as Compared with Untreated Liquor 








Length of Ozone Treatment (in Minutes) 


Species of Fish i eS eee ee 

















10 20 | 30 | 60 | 120 | 180 
eee ee 114% | 122% | 47% | -18%| 25% 53% 
White Bass............. eh aS 21 29 
Silver Bass............-. me 5 20 13 55 43 
Perch ee rere 15 60 10 41 34 
Rock Bass ; ‘ rs rte 4 13 114 
OES 6, ae aoe ae —23 176 288 
Average of all Fish ..| 86% | 41% | 39% |— 3% | 62% | 106% 





As far as could be ascertained, the signs which were exhibited before 
death by the fish in the ozone-treated dilutions were indistinguishable 
from those which preceded death of the fish confined in the untreated 
sulphate liquor. There was no evidence of any toxic effect which might 
be ascribed to ozone. The dilutions of treated liquor were irritating 
and partially coagulated the mucous covering of the body. Ozonation 
did not appreciably change the pH of the dilutions. The same series of 
behavioristic signs, which were characteristic of sulphate poisoning, were 
exhibited. Death was from paralysis of the respiratory mechanism. 
Autopsy, immediately after cessation of respiratory movements, revealed 
a heart still beating, a gall bladder gorged with a pale, watery, acid bile. 
The same indications of pathological change in the liver were observed. 
In those fish which had a urinary bladder, this organ was distended with 
an abnormally acid urine. The only difference between the fish in the 
treated dilutions and those in the controls was that on the average the 
fish lived longer in the ozonated dilutions than they did in the untreated 
sulphate liquor. Aside from the dilution which was made from liquor 
treated with ozonized air for 60 minutes (for which we have no expla- 
nation) it appeared that ozonation of sulphate liquor decreased the tox- 
icity of the liquor to fish and that the decrease was roughly proportional 
to the length of treatment. The difference in toxicity due to ozonation, 
while significant, was not outstanding. Even in the extreme case where 
the average length of life of all fish was 106 per cent longer than that in 
the untreated control, all but one fish was dead within 16 days. 

It is apparent that ozonation did not fulfill the expectations. It was 
obvious that during the process of ozonation the total amount of oxygen 
delivered to the sample of sulphate liquor in the form of ozone, was not 
Sufficient to satisfy completely the oxygen demand. However, it was 
supplied in a quantity sufficient to decrease this demand to a marked 
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degree, if it attacked the same part of the complex molecule whic': js 
: 
phate liquor decreases the biochemical oxygen demand, the oxygen con- 


ordinarily oxidized by molecular oxygen. Prolonged aeration of su 
« * v7 D2 tn) 


sumed and the total solids. Ozonation, at least to the extent of 7.2 ems. 
of ozone per gallon, did not show significant changes in any of tliese 
determinations. The oxidation due to ozone appears to involve some 
component of the sulphate liquor which is not concerned with the B.O.D. 
or oxygen consumed determinations. The only substanee which was 
found to vary with the amount of ozonation was sulphur as hydrogen 
sulphide. Figure 4 shows the percentage of reduction in H.S of sul- 


REDUCTION IN HYDROGEN SULPHIDE OF SULPHATE 
WASTES BY OZONE TREATMENT 
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phate liquor by varying amounts of ozone treatment. Hydrogen sul: 
phide is in itself quite toxic, but its toxie effects are not sufficiently 
similar to those of whole sulphate waste to justify a conclusion that the 
liquor owes its toxicity to its H.S content. It may, however, be one of 


its toxie factors. 
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135 
is ‘here is additional evidence that oxidation of the sulphate liquor 
ul- by nacent oxygen during ozone treatment is not the same as oxidation 
on- by molecular oxygen and that chemical changes are set up which do 

ms. ’ not end with the cessation of the ozonating process. To determine the 
ese q amount of dissolved oxygen present in the sulphate liquor, Theriault’s 
me modification of the Winkler method had to be employed.® This method 

Dp: ealls for a preliminary treatment with alkaline hypochlorite. The amount 

vas of hypochlorite necessary is dependent upon the concentration of the 
ren sulphate liquor. As aeration progresses the amount of hypochlorite 

ul- used gradually decreases. At the end of the second day of aeration of 
ozonated liquor, the amount of hypochlorite suddenly inereased to 
double the amount previously used. This phenomenon was observed 
in all the ozonated dilutions. It was first thought that this might be 
correlated with a sudden growth in the bacterial content. However, the 
greatest growth at that stage was present in the untreated dilution where 
no fluctuation in the amount of necessary hypochlorite was found. It 
seems probable that this is an expression of some chemical change which 
was instigated by the previous ozone treatment. 

The characteristic ‘‘rotten cabbage’’ odor of waste sulphate liquor. 

q due to methyl mereaptan, was eliminated by ozonation. 

Summary and Conclusions.—Fish of different species were exposed 
to dilutions of waste sulphate liquor which had previously been treated 
with varying amounts of ozone. Untreated liquor of the same dilution 
was used as a control. The toxicity of the treated liquor was measured 

by the length of life and the behavior of fish exposed to the dilutions. 
: The degree of toxicity was compared with that of untreated liquor to 
; determine whether ozone treatment was a satisfactory method for de- 
creasing the toxicity of sulphate liquor to fish. 

It was found that ozone treatment, even to the extent of 7.2 gms. of 

; ozone per gallon, did not markedly decrease either the biochemical oxy- 
i gen demand, the oxygen consumed value, or the pH of the raw liquor. 
y The toxicity, however, was decreased somewhat; in general, the longer 
the period of ozone treatment the less toxic was the liquor. However, 
the decrease in toxicity was not sufficiently great to be considered im- 
portant. 

It was, therefore, concluded that the treatment of waste sulphate 

liquor with ozone, at least to the extent of 7.2 gms. of ozone per gallon, 

: { does not decrease the toxicity of the liquor sufficiently to justify the ree- 


ommendation of its use as a detoxifying agent, 
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ITV. A Preuiminary Report CONCERNING THE EFFECT OF OZONE TReAT- 
MENT ON THE DELETERIOUS EFFECTS OF WASTE SULPHITE 
Liquor ON FIsH 


It was pointed out in Section I that the harmful effects of waste 
sulphite liquor on fish were due primarily to the depletion of the dis- 
solved oxygen content of the diluting water. But the liquor in high 
concentrations was also found to be toxie to fish. Prolonged aeration 
of toxie dilutions markedly reduced their toxicity. 

Nightingale (’31) 7 reported that treatment of sulphite liquor with 
0.8 to 1.0 gm. of ozone per gallon, decreased the oxygen demand and the 
acidity of the liquor, and consequently, the deleterious effects of the 
liquor on the fish. He recommended this procedure as a practical method 
of controlling sulphite liquor pollution of rivers. It had been demon- 
strated previously (see Section IIT) that ozonation, even to the extent 
of 7.2 gms. of ozone per gallon, had little effect in decreasing the toxicity 
of waste sulphate liquor. Preliminary experiments were, therefore, con- 
ducted to test the effect of ozone treatment on the toxicity of sulphite 
liquor to fish. 

Methods—Samples of waste sulphite liquor were ozonated by bub- 
bling through them ozonized air from a generator which produced 6 gms. 
of ozone per hour. The liquor was ozonated in the raw state at a tem- 
perature of 20° C. Five samples were treated with the amounts of 
ozone, shown in Table V. These treated samples were then diluted 1 


TABLE V.—Amounts of Ozone Used in Treatment of Samples of Waste Sulphite 
Liquor 
Length of Treatment Amount of O, per Gallon 
DRUM on ctike 2S 4 dea in os ies ae COIR .6 gms. 
PENNS nie at) SOM Mslale odin wens oeals 1.2 gms. 
BEM AON ais crasanieis Miche ae ae Spo eee 1.8 gms. 
MPOMMNNINRY 5 eckess, arc ceiiaiaa aly Ge ties Miacaberora te hts 2.4 gms. 
DUO SEAMED Uae! w nhs savanna rus ahs ie eS aR Pa 3.6 gms. 


to 50 with lake water. The dilutions were aerated to maintain a re- 
sidual dissolved oxygen content above the critical point. In the original 
experiments with sulphite liquor a residual dissolved oxygen content 
could not be maintained in the 1 to 50 dilution at the rate of aeration 
used at that time. By increasing the rate of aeration, it was found that 
an adequate oxygen supply could be maintained in such a dilution. 
Aerated controls of untreated 1 to 50 dilutions of the liquor were used. 
Into each dilution an equal number of fish were introduced. Perch, 
large mouth black bass and blue-gills were used. These fish had been 
previously acclimated to confinement in tanks in the laboratory. They 
were selected for their hardiness and uniformity of size. The usual 
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rouline examination of the fish and determinations and tests on the 
dilutions were made. The degree of toxicity was determined by com- 
paring the behavior and length of life of the fish exposed to the ozonated 
dilutions, with that of the fish confined in the untreated controls. 
Results and Discussion.—The following table indicates the per cent 
mortality and the average length of life of fish that died in the ozone 


treated and untreated dilutions of waste sulphite liquor. 


TABLE VI.—Mortality and Length of Life of Fish Exposed to Ozonated Sulphite 
Waste Liquor 


Mortality, Average Length of Life, 

1 to 50 Dilution Per Cent Days 
Untreated control—no O, ............ 30 7.6 
LD mimi 96 gms On ois ks ccs wee 20 11.7 
ct NN ee le ee ge 10 8.0 
Behe RCs Fame: See MLS Y. 2 Steen fens yao cienere 25 7.8 
LS 2c EAs coer 20 7.2 
PO ae eee a tiarevele eiskatg ena amaniie 40 9.6 


If is apparent that the mortality rate cannot be correlated closely 
with the degree of ozonation. The highest and lowest rates both oceured 
in ozonated dilutions. The highest rate was in the sample which re- 
ceived the longest ozone treatment. With the exceptions of the dilutions 
which received the least and the greatest amount of ozone treatment, the 
average length of life of fish in the liquor was not changed by ozonation ; 
and even in the exceptions, the per cent of increase over the control was 
not great. This does not agree with Nightingale’s report, which indi- 
cated a marked decrease in the mortality of fish exposed to ozonated sul- 
phite liquor. 

The fish that died in the ozonated dilutions exhibited the same be- 
havior and toxie signs as those that died in the untreated controls. These 
signs of toxicity were identical with those described in the original re- 
port, namely, sluggishness, increased respiratory rate, a decrease in the 
ability to utilize oxygen, as evidenced by signs of oxygen hunger in the 
presence of a dissolved oxygen content well above the normal critical 
point. Autopsy of the fish that died in all dilutions showed in almost 
every case a gall bladder gorged with a pale, watery bile, whose reaction 
Was more acid than normal. Histologically, the liver showed areas of 
vacuolated cells. From the qualitative standpoint, ozonation did not 
appear to change the toxicity of sulphite liquor to fish. 

Analysis of the treated and untreated liquors showed that ozonation 
did not deerease to any significant extent the values for oxygen con- 
stuned, acidity, biochemical oxygen demand or total solids. Nightingale 
reported that ozonation to the extent of 1.0 gm. of ozone per gallon 
markedly decreased these values. He also reported a reduction of the 
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iodine absorption values, indicative of SO,, or its equivalent. Samples 
used in these studies showed no such reduction. 

Aeration, after dilution, decreased the oxygen demand as well as ‘he 
acidity of both the ozonated and the untreated liquors. The amount of 
these reductions was practically the same in each case, regardless of the 
amount of ozonation. 

It would appear from these findings that the nascent oxygen fiom 
ozone did not oxidize those waste liquor constituents that were oxidized 
by the molecular oxygen delivered during prolonged aeration. No 
evidence is offered in support of this, other than the observations that 
prolonged aeration decreased the oxygen demand and the acidity, which 
results the ozone failed to accomplish. 

Another series of observations, for which no adequate explanation is 
offered, is thought to be important enough to report. With a constant 
and uniform aeration rate in all dilutions, and with the same number 
of fish in each tank, the dissolved oxygen content of any dilution was 
inversely proportional to the amount of ozonation it had received; the 
longer the liquor was ozonated, the lower the dissolved oxygen content 
of the dilution at any given time. This held true for the first 4 to 5 days 
of aeration. Later, during the 6th to 8th days, the ratio of dissolved 
oxygen content to degree of ozonation was reversed; the longer the 
sample had been ozonated, the greater the amount of dissolved oxygen 
the dilution contained. After the 10th to 12th day the amount of dis- 
solved oxygen was practically the same in all dilutions. From these ob- 
servations it would appear that ozonation of sulphite waste liquor in- 
creases the rate of subsequent oxidation by molecular oxygen, and, con- 
sequently, more rapidly decreases the total amount of substances capable 
of being oxidized by molecular oxygen. This interpretation of our find- 
ings was not confirmed by the biochemical oxygen demand determina- 
tions, which should have shown a more rapid reduction in the dilutions 
that had received the greater amounts of ozonation. 

Conclusions—F rom these preliminary experiments no final con- 
clusions can be drawn. The results indicate however, that ozone treat- 
ment of waste sulphite liquor, to the extent of 3.6 gems. of ozone per 
gallon of raw liquor, does not reduce the oxygen demand or the acidity 
of the liquor to any significant extent, nor does it effectively decrease 


the toxicity of the liquor to fish. 


V. Do Woop Fisers CLloGg THE GILLS OF FisH? 
It has so often been stated that wood fibers clog the gills of fish and 
cause their death by suffocation that many have come to consider it a 
true statement. Fishermen on paper mill rivers have observed fish with 
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their whole gill chamber clogged with wood fibers. Little information 


of value is found in the literature concerning this problem. Knight 
01) ? showed that trout lived for two weeks in a gruel of sawdust. 


During this time their gills were uninjured and when they were brought 
to autopsy only two small fragments of wood were found among the gill 
filaments. 

Wood fibers, due to their small size might conceivably become a 
menace to gill-breathing forms. Waste waters from pulp and paper 
mills always contain wood fibers, the amount depending upon the 
efficiency of the recirculation or save-all processes used. 

To test the effect of wood fibers on the gills of fish, a 2 per cent sus- 
pension (by wet weight) of pulp was made. This gruel-like mixture 
was agitated by a mechanical stirrer and the whole aerated to maintain 
dissolved oxygen. Fish were placed in this mixture. Many of them 
lived as long as three weeks. A non-aerated suspension was also made 
but fish confined in this tank died in a short time from lack of oxygen. 

The fish were examined from time to time for fibers on their gills. 
As long as the fish remained healthy and active their gills were kept 
clean. Active fish, when taken from the tank and killed, and their gill 
filaments subsequently examined with a lens, always showed clean gills, 
practically devoid of fibers. Occasionally a few fibers would be found 
but never in sufficient numbers to be injurious. Pieces of these gills 
were sectioned and examined histologically. Only an occasional small 
fiber was found enmeshed among the gill filaments. The fish that died 
in these suspensions always were found to have their gills covered with 
fibers. However, as long as the respiratory movements were strong, fibers 
did not accumulate. It was only when the fish were dying that the 
fibers clogged their gills. This clogging undoubtedly hastened death 
but was not its primary cause. Excessive amounts of fiber in the water 
may decrease the resistance of fish, for it takes a greater expenditure of 
energy to foree a fluid of gruel-like consistency through the gills than it 
does to breathe clean water. 

It is easy to see the basis for the conception that paper fibers kill fish 
by clogging their gills. The finding of a group of dead fish with mouths 
and gills clogged with fibers seems a priori evidence that the fish were 
suffocated by the fibers. If, however, these fibers did not accumulate 
until the fish were in a dying condition, and their last efforts were not 

strong enough to force the fibers through the gill slits, then the in- 
terpretation is quite different. 

These experiments lead to the belief that healthy fish are practically 
unaffected by wood fibers suspended in water. Results indicate that 
the fibers accumulate only when the fish are dying and the last respira- 
tory efforts are not sufficiently strong to clean them from the gills. 



































302 


the normal growth of aquatic vegetation and animal life which s 
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Indirectly, however, wood fibers do have a deleterious effect on fish 


life. The accumulation of a mat of fibers on the stream bed prevents 


rve 


as fish food ; it destroys spawning beds and so interferes with the normal 
reproduction cycle; and, finally, its decomposition depletes the dissolved 
oxygen content of the water. 
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Editorial 





CLEAN STREAMS 

The study of stream pollution is of primary importance as the 
fundamental basis for decisions coneerning the type and degree of sew- 
age treatment. The scientific study of stream conditions is a complex 
problem, but an exceedingly interesting one. Such investigations in- 
clude physieal, chemical and biological sciences. A river is not an in- 
animate thing, but it simulates some of the functions of life. The self- 
purification of a polluted river may be likened to the recovery of a living 
oreanism from disease. Because of this biological nature of rivers, 
studies of stream pollution in the past have dealt mainly with ecological 
data, primarily of a qualitative nature. Classic studies of rivers in 
England and Germany were concerned with the numbers and types of 
micro-organisms and chemical analyses of empirical nature; no attempt 
was made to express in mathematical terms the degree of pollution as 
balanced against the capacity for self-purification. 

It is to the eredit of American sanitary engineers and chemists that 
the modern basis of study of stream pollution and self-purification rests 
upon an engineering and mathematical foundation much more informa- 
tive than the older records and reports. Professor Earle B. Phelps and 
Messrs. H. W. Streeter and E. J. Theriault deserve much of the credit 
for the development of the improved system of stream study. The con- 
ception of oxygen balance was introduced by Professor Phelps many 
years ago. His conceptions have been expanded and refined by Mr. 
Streeter, who has had at his command analytical methods improved by 
Mr. Theriault. A fairly complete description of the entire procedure 
is given by Mr. Streeter in this issue, to be followed by a second contri- 
bution in the next issue. <A careful study of these papers should be of 
great interest to all sanitary engineers and chemists engaged in the treat- 
ment and disposal of sewage. 

Many valuable studies of stream pollution have been made in the 
United States. One of the most interesting studies of several decades 
ago was that of the Potomae River, made under the direction of Dr. 
Allan J. McLaughlin. Professor Phelps contributed valuable material 
to this report and brought out the importance of photo-synthesis in the 
lower section of the river. This effect had also been noted during classic 
studies of the Illinois River prior to, and just following the opening of 
the Drainage Canal in 1900. Without a doubt, the Ohio and Illinois 
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Rivers have been studied more thoroughly than any other rivers in this 
country. The work of the U. S. P. H. S. on the Ohio River has «on- 
tinued since 1914; these studies are the foundation of the modern sysiem 
of oxygen balance. Of equal importance are the studies of the Illinois 
River, particularly since 1920. The large amount of pollution con- 
tributed to this river at the source, the length of the river, and its im- 
portance for commerce, fishing and recreation combine to focus particular 
attention on the results. The Sanitary District of Chicago has accumn- 
lated a large amount of information bearing on this problem, some of 
which is referred to by Mr. Streeter. The Engineering Board of Re- 
view of the Sanitary District, under the direction of Mr. H. P. Eddy, 
contributed a noteworthy report to the annals of stream purification. 

Other rivers have also been studied in detail, particularly the Missis- 
sippi River near Minneapolis. The Connecticut, Delaware and Hudson 
Rivers have been investigated with reference to water diversion and 
litigation between states. The Sangamon River in Illinois, Trinity in 
Texas, and Naugatuck in Connecticut also come to mind. For many 
years frequent reference is found to the sane policy of stream regula- 
tion practiced by the Pennsylvania Water Board. Wisconsin is noted 
for studies of the effect of industrial wastes on streams. The paper by 
Warrick and Cole in this issue is an interesting contribution to this 
record. Studies in Massachusetts have extended over many years. The 
control of stream pollution in Michigan is becoming of increasing im- 
portance. 

These frequent and extensive investigations impress one with the fact 
that the importance of clean streams is realized by sanitarians. It is 
imperative that all possible improvements in technie be adapted to use 
in stream studies. The abatement of pollution and the return to clean 
and decent streams is one of the most important duties of a sanitary 
engineer. 

The aesthetic values inherent in beautiful streams must not be for- 
gotten. To all nature lovers a stream is a constant pleasure and inspira- 
tion. Mark Twain, in ‘‘ Life on the Mississippi,’’ records his impression of 
that noble stream as follows: ‘‘And then vou have the shining river, 
winding here and there and yonder, its sweep interrupted at intervals 
by clusters of wooded islands threaded by silver channels; and you have 
glimpses of distant villages, asleep upon capes; and of stealthy rafts 
slipping along in the shade of the forest walls; and of white streamers 
vanishing around remote points. And it is all as tranquil and repose- 
ful as dreamland, and has nothing this-worldly about it—nothing to hang 
a fret or worry upon.”’ 


F. W. M. 
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Proceedings of Local Associations 





NEW YORK STATE SEWAGE WORKS ASSOCIATION 
Seventh Annual Meeting, New York City, January 15, 1935 


The Seventh Annual Meeting of the New York State Sewage Works 

Association was held January 15, 1935, at the Hotel MeAlpin, New York 
City. The attendance of 211 was the largest ever recorded in the history 
of the Association. At the business meeting, Messrs. Charles C. Agar 
Albany), Thorndike Saville (New York) and William W. Watkins 
Oneonta) were elected to the Executive Committee in place of Messrs. 
J. L. Barron, A. F. Dappert, and L. L. Luther whose terms of office 
expired. Mr. Morris M, Cohn of Schenectady was elected president and 
Mr. Robert C. Wheeler of Albany, vice-president. A. S. Bedell, State 
Department of Health, Albany, was reappointed secretary-treasurer. 

At the general business meeting, it was voted to cooperate with the 
State Department of Health and the Mayors’ Conference in holding a 
school for sewage works operators in Albany during the month of April 
this vear. The report of the special committee on ‘‘Rating of Sewage 
Treatment Plants’’ was adopted. Mr. C. A. Emerson, Chairman of the 
Federation of Sewage Works Associations, indicated that the Federation 
felt this was a valuable project and proposed to offer a substantial grant 
of money for carrying on the work of the committee. 

At the morning session, H. H. Hendon, Sanitary Engineer of the 
Jefferson County Sewer Commission, presented an unusually interesting 
paper on ‘The Shades Valley Chemical Precipitation Plant in Birming- 
ham, Alabama,’’ the discussion on which was opened by Professor 
Charles G. Hyde and Linn H. Enslow. At the luncheon President 
Kdmund B. Besselievre presented the Kenneth Allan Memorial award 
for 1934 to Alden E. Stilson for the most meritorious paper of a tech- 
nical and research nature presented during the year. Professor Charles 
Gilman Hyde of Berkeley, California, was the principal speaker and 


oe 


gave a very stimulating talk on ‘‘Some Comments on Sewage Treatment 
Problems and Trends.”’ 

At the afternoon session, Wellington Donaldson gave a timely paper 
on *‘Sewage Plant Laboratories,’’ the discussion of which was led by 
T. M. Riddick of New York University. J. 8S. Pecker of Philadelphia, 
Pennsylvania, presented a paper on ‘‘Centrifugal Dewatering of Sludge’’ 
with particular reference to the work at Collingswood, N. J. The dis- 
cussion on this paper was opened by Colonel Frank J. Taintor and a 
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written discussion by C. E. Keefer of Baltimore, Maryland. Dr. M. i. 
Isaaes of Columbia University gave a very valuable talk and demonstra- 
tion on ‘‘A New Colorimetric Method for Dissolved Oxygen’’ which was 
discussed by F. W. Gilcreas, Associate Sanitary Chemist of the New 
York State Department of Health. 

John R. Downes of Bound Brook, N. J., gave a brief description 
illustrated by motion pictures on ‘‘The Features of Joint Plainfield, 
North Plainfield and Dunellen Works,’’ noting particularly the work on 
conditioning and spray drying of digested sludge. 

In the evening the Association joined with the Sanitary Engineering 
Section of the A. 8S. C. E. in their annual banquet, at which Deputy 
Commissioner Walter D. Binger of the New York City Department oi 
Sanitation was principal speaker. Mr. Binger discussed in a most inter- 
esting manner the work of the Department of Sanitation of New York 
City. 

A post convention trip was made to the Joint Plainfield, North 
Plainfield, and Dunellen Sewage Treatment works at Bound Brook, 
N. J., where a full scale installation has been made for conditioning and 
spray drying digested sludge. Bus transportation and buffet luncheon 
was furnished the seventy persons who took the trip through the courtesy 
of the Industrial Associates, Inc., and John R. Downes, Supervising 
Hngineer of the treatment plant. 

During the afternoon session on Tuesday, the Association unani- 
mously adopted the following resolutions: 

(1) Wuereas, The N. Y. 8. S. W. A. has lost through death this 
past year one of its outstanding and loyal members and the Sanitary 
Engineering profession an authority of international reputation, George 
W. Fuller, 

Be it resolved that, this Association record its great appreciation of 
his inestimable contribution to the art of sewage disposal and express its 
regret at his untimely passing, and, 

Be it further resolved that, a copy of this resolution be transmitted 
to his family and to his surviving business associates. 

(2) Whereas, the N. Y. 8S. S. W. A. has lost, also by death, another 
of its loyal and active members, Alfred W. Evans of Tonawanda, New 
York, 

Be it resolved that, this Association record its regret at his death, and, 

Be it further resolved that, their resolution be transmitted to his 
family. 

(3) Wuereas, the New York State Planning Board in its report to 
his Excellency, Governor Lehman, has recommended strengthening legis- 
lation for the control of water pollution, 

Be it resolved that, this Association place itself on record in generai 
approval of such a policy, and 
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Be it further resolved that, copies of this resolution be transmitted to 
Governor Lehman and to the New York State Planning Board. 
A. 8. BEDELL, 
Secretary. 
Vote. The Spring Meeting of the New York State Association will 
be held May 24-25, 1935, at Poughkeepsie. 


ANNUAL MEETING OF THE BOARD OF CONTROL OF THE 
FEDERATION OF SEWAGE WORKS ASSOCIATIONS 


The annual meeting of the Board of Control of the Federation of 
Sewage Works Associations was held in the office of the Chemical 
Foundation in New York City on Friday morning, January 18, 1935, 
at 10 A.M. 

The Chairman, Mr, C. A. Emerson, Jr., presided. Owing to absence 
of the Secretary-Treasurer on account of illness, Miss Theresa A. Kraus, 
Secretary to the Business Manager, served as secretary of the meeting. 
The roll was called and the following were found to be present in person: 


Name Representing 
H. G. Baity ................North Carolina Sewage Works Association 
Me Bs Besseievre: ..46505 0% New York Sewage Works Association 


C, H. Eastwood 
for Wm. J. Orchard) ..Member at Large 


CG. A. Mmereon, Ut. .iks<isawd Pennsylvania Sewage Works Association 
APIMUE Bes) AMMIOT! 65 alee vissye’s Federal Sewage Research Association 

EL WwW. MORIMAN: .co0.050 5.56008 Central States Sewage Works Association 
MATIC Ass APMIS © 2.05 ¥.u-5 Ses, s yer Member at Large 

RVG: AVE. POURUOE od o5.'5 ose oce: srerele Si North Carolina Sewage Works Association 
Willem Rudolfs .............New Jersey Sewage Conference Group 


The following were represented by proxy: 


eel ANID we aie aiataross ave gases aust Canadian Institute on Sewage and Sanitation 
i ME PEREOWMO 5552555 css: 0 ere) 600 Ohio Sewage Works Conference Group 
J. W. Bupbes..............+.«Member at Large 

ey AEN. PRIN ORL ccs cc-sinct-oe nip siend Oklahoma Water and Sewage Conference 
POTTIS, WORD 6..5.csaialsicsa@icer New York Sewage Works Association 

WS 4), AI se es sere Federal Sewage Research Association 

fe el PM DERE REDS. coy stave. sicccveseierhsy arene Oklahoma Water and Sewage Conference 
UAE Be 1S oc) oe a Sew. Div., Texas Sect., S. W. W. A. 

i Sis PMO hi os ew owes Missouri Water and Sewage Conference 
Bis PS IEEE <f slerars: aus, shereessee eee Missouri Water and Sewage Conference 
Rey DP MGOLOI 2.215 510;5 8 sae eras California Sewage Works Association 

OMG SARE | a eee we em eae Md.-Del. Water and Sewage Association 
Be Ake NED ods Gis (eid ssrtishecaio re lerste Cal. Sewage Works Association 

WY FG; aM NEN ce Seai save cteteie wile Sew. Div., Texas Sect., S. W. W. A. 

Bie i PORES sea sleiaasivetrs ...Pennsylvania Sewage Works Association 


A Phos INE is oni75* a0 aio PO aie Seats Michigan Sewage Works Association 
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J. R. Rumsey ...............Michigan Sewage Works Association 

H. W. Streeter ..............Member at Large 

Eee WHE os os ke oo cla Canadian Institute on Sewage and Sanitation 

Ba WHRRONAR. occ ese law hese Md.-Del. Water and Sewage Association 


REPORTS OF OFFICERS 


The Chairman remarked briefly on the continually inereasing 
strength of the Federation and the popularity and usefulness of Sewave 
Works Journal as indicated by the increase of membership in most of 


the affiliated organizations, the greater attendance at local meetings an 
increase in advertising. He also pointed out that the allotted districts 
of the 19 local associations include 28 of the States, comprising a popu- 
lation of approximately 93,000,000 or slightly over 75 per cent of the 
population of continental United States according to the 1930 census. 
In addition there are three active foreign affiliates, one being in Canada 
and the other two in England. 

The report of the Secretary-Treasurer showed that the total net 
membership of the 19 affiliated organizations was 1468 after deduction 
of 36 dual memberships. This was an increase of 56 over the preceding 
year. At the end of the year the New York Association had the largest 
membership. The report noted that the Central States Sewage Works 
Association had added Minnesota as a member state. 

The report of the Business Manager showed that at the end of the 
year a total of 1850 persons received the Journal. Of this number 1476 
were members of local associations, 320 were non-member subscribers 
and the remaining 34 consisted of gratis and exchange subscriptions. It 
was noted with interest that of the member subscribers 133, or approxi- 
mately 10 per cent, reside outside the United States and that of the non- 
member subscribers 155, or nearly one half, reside in foreign countries. 

The report showed that during the year 1934 contract advertising 
averaged 15.5 pages per issue, the highest average for any of the six 
years of the Journal’s history. 

Earle B. Phelps, Chairman of the Research Committee, reported 
that the committee is engaged on preparation of a critical review of litera- 
ture published during 1934 on research in sewage chemistry, sewage 
treatment and stream pollution and hoped to have it completed in time 
for inclusion in the March issue of SEwAGE Works JOURNAL. 

W. D. Hatfield, Chairman of the Standard Methods of Sewage 
Analysis Committee, reported that the tentative draft of standard 
methods of sewage analysis which was completed during the year had 
been mimeographed and sent out to some twenty interested parties for 
criticism. 

W. M. Piatt, Chairman of the Finance Committee, made a verbal 
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report of the activities of his committee in soliciting advertising and 
staied he was of the opinion that 1935 would bring even better results 
than their 1934 efforts. 

(‘pon motion, which was duly seconded nad carried, the reports of 


the various committees were approved. 


New BusINESS 


The applications of the Kansas Water and Sewage Works Association 
for affiliation was discussed. It was voted to approve the application, con- 
ditioned upon the making of certain minor changes in their Constitution 
which Mr. Streeter, Chairman of the Organization Committee, deemed 
essential that it might comply with requirements of the Federation 
Constitution governing affiliates. It was reported that Earnest Boyee, 
Secretary of the Kansas group had promised that these changes would 
be made at their next regular meeting. 

The applieation of the Northwest Conference on Stream Pollution 
Was given consideration and it was voted to approve the application pro- 
visionally, pending adoption of a suitable constitution at the first meet- 
ine of the Conference which it was understood would be held during 
May at Lewiston, Idaho. 

Discussion was given to a proposition from Films of Commerce, Ine., 
for production of a two-reel motion picture film, on sewage disposal for 
inclusion in the National Health Council series. Some thirty copies of 
the film would be made and it would be available to public health officials, 
school teachers and other interested parties throughout the country. 
The cost of producing and distributing the films would have to be met 
by manufacturers of sewage plant equipment. It was voted that the 
Chairman appoint a committee of three to consult with the National 
Health Couneil and interested equipment manufacturers to determine 
whether the films would be proper and dignified propaganda and whether 
equipment manufacturers would be willing to guarantee the cost of 
production and the annual service and distribution charges. 

Editor F. W. Mohlman asked the advice of the Board on several 
matters concerning the physical makeup and character of articles in 
SEWAGE Works JouRNAL. Among the matters discussed was the value 
of abstraets in their present form and the problem of the increasing size 
of the JouRNAL which in 1934 totalled 1208 printed pages. It was voted 
to ascertain the individual opinions of the subscribers as to the abstracts 
and also not to reduce the size of the JourNAL unless financial conditions 
should make it imperative. 

Chairman Emerson informed the Board of the decision of the New 
York Sewage Works Association to attempt to rate the excellence of 
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operating records kept by sewage treatment plant operators through: 
State. After brief discussion the Chairman was instructed to not 
the proper officers of the New York Association that the Board \y 
anxious to assist in the work of the committee, as it was believed to bi 
valuable forward step, and to this end would agree to publish the rep 
in full in an early issue of SewaGeE Works JOURNAL and to furnish 
committee with 200 reprints free. 


operators of plants receiving the higher or highest ratings as might 
deemed best by the Association. 
The Board proceeded to the election of officers and selection of ¢ 


OFFICERS 


NE rg chia ad saw e ew wa wicks C. A. Emerson, Jr., Pa. 
nN PETE eee eee James R. Rumsey, Mich. 
WSGUNCSE ON OS. = 6 acces ees ss W. W. Buffum, Member at large 
Secy. Treas. ..................None to be elected this year 
Peso Sk cals es shinee oe None to be elected this year 


MemeBers At LARGE 


W. W. Buffum, New York City 

H. W. Streeter, Cincinnati 

Wm. J. Orchard, Newark 

Chas Gilman Hyde, California 

Earle B. Phelps, New York City 
EXECUTIVE COMMITTEE 

C. A. Emerson, Jr., Chairman 

James R. Rumsey 

W. W. Buffum 

Wm. J. Orchard 

H. E. Moses, ex officio 


CONSTITUTIONAL COMMITTEES 


Membership 


H. W. Streeter, Federal, Chairman 
A. E. Berry, Canada 
R. E. Fuhrman, Missouri 


Publication 


C. D. MeGuire, Ohio, Chairman 
Arthur P. Miller, Federal 


The Chairman also advised the Boa 
of a grant of $100 by The Chemical Foundation to the New York Asso- 
ciation for the work of this committee and for some suitable award 






t 


he 


mittees for the coming year, the following nominees being duly elected : 
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it W. E. Merrill, New Eneland 
y . Chas. Gilman Hyde, California 
8 F. W. Mohlman, ex officio 
a | Coordination 
rt A. F. Dappert, New York, Chairman 
e C. G. Gillespie, California 
d R. C. Smith, New Jersey 
Research 

0 Jarle B. Phelps, Member at Large, Chairman 
Je Wm. Rudolfs, New Jersey 

W.S. Mahle, Texas 

) IH. B. Baity, North Carolina 
| | Abel Wolman, Maryland-Delaware 

| 

i SpecrAL COMMITTEES 


Finance 
Wm. B. Piatt, North Carolina, Chairman 
| E. B. Besselievre, New York 
Wm. J. Orchard, Member at large 
Standard Methods 
Wm. D. Hatfield, Central States, Chairman 
Members to be selected by Chairman of Federation and Chairman 
of Committee. 


Consideration was given to request of Charles Gilman Hyde for ap- 
pointment of a committee to observe the development of chemical pre- 
cipitation as a method of sewage treatment. 





Mr. Hyde suggested a committee of nine members, of which three 
each would be selected by the Public Health Engineering Section of the 
American Publie Health Association, the American Chemical Society 
and the Federation of Sewage Works Associations. The Secretary was 
instructed to request Mr. Hyde to advise the Chairman in more detail 
as to how such a committee could function and whether the suggestion 





had been adopted by either or both of the other associations. Likewise 
the Chairman was instructed to appoint three members if on further 
study he believed such a committee could do anything of value and if 
4 the other two associations should agree to such a committee. 

F There being no further business the Board of Control adjourned upon 
motion and vote. 

H. E. Mosgs, 

Secretary-Treasurer 
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REPORT OF THE WATER POLLUTION RESEARCH BOARD 
(GREAT BRITAIN) FOR THE YEAR ENDED 
JUNE 30, 1934 


By H. T. CALVERT 


Director of Water Pollution Research 


Although water supplies now received by consumers are in general 
much safer than some years ago, the need for greater vigilance is oc- 
casionally emphasized by outbreaks of water-borne disease. Fortunately, 
no outbreaks have occurred during the past year so serious as those of 
the previous year at Malton and Denby Dale. Exceptional conditions 
of weather have prevailed, however, causing anxiety to water authorities 
and inconvenience to consumers. The rainfall during 1933 was one of 
the lowest on record and the first half of 1934 was also very dry. In 
order to meet this situation, an Act of 1934 permits the Minister of 
Health to make orders during a limited period controlling the use and 
diversion of water by authorities and individuals. Through another act, 
financial assistance can be obtained from the government for water sup- 
ply schemes in rural areas. 

The drought has also had a detrimental effect on the quality of water 
in rivers into which sewage and trades wastes are discharged as less 
water than usual has been available for dilution. The importance of 
continued research in methods of sewage and trades waste treatment has 
been thus made apparent. 

In this connection, attention is drawn to the need for systematic 
records of flow in the various rivers, in order that the dilution available 
at different times may be accurately assessed. In a recent committee 
report, the need of a systematic survey of water resources in Great 


Britain has been emphasized. 


INVESTIGATIONS IN PROGRESS 


In the accompanying report of the Director of Water Pollution Re- 
search, brief descriptions are given of the results of various investigations 
in progress. Among those of particular interest to readers of this 
JOURNAL are the following: 

Milk Factor Efflwents—Further progress has been made in experi- 
ments on the conditions affecting the purification of effluents containing 
312 
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milk by a process involving anaerobic fermentation followed by biologi- 
cal filtration of the fermented liquid. Anaerobie fermentation of mix- 
tures containing one per cent of milk in water causes separation of most 
of the fat and some protein. The separated liquid can readily be oxi- 
dized on percolating filters with an oxidation efficiency of about 99 per 
cent. Experiments also have been made using the activated sludge 
process. 

Biological Oxidation of Fats and Soaps.—Some experiments have 
been made on the the biological filtration of solutions of sodium stearate 
alone and in admixture with domestic sewage. The results have shown 
that soap in concentrations as high as 250 p.p.m. in sewage can readily 
be oxidized by this method, but that the process is not satisfactory for 
solutions of soap alone in water. The presence of soap in the sewage 
increases the volume of film formed and also the tendency of the filter 
to become clogged. 

Sewage Disposal.—tIn a study of the biochemical oxygen demand test 
as applied to sewage and sludge. Barcroft respirometers have been used 
in experiments on the effects of various factors on the rates of oxidation 
of sewage, sewage effluents and activated sludge in contact with the air 
at 24° C. Under the conditions of test, the rates of oxidation observed 
were greater than under those of the ordinary B.O.D. test. It also was 
found that the rate of oxidation of mixtures of sewage and activated 
sludge was greater than the sum of the rates for the separate constitu- 
ents, especially during the early stages of oxidation. Maximum rates of 
oxidation for sewage and sewage effluents were obtained at pH values 
between 6.6 and 9.0 and. for activated sludge at pH values between 6 
and 10. These results emphasize the importance of control of pH value 
in biological processes of sewage treatment. 

It has been shown that sewage and sludge previously sterilized by 
heating, by filtration through a Seitz filter, or by treatment with certain 
disinfectants, does not absorb oxygen from the air. Inoculation of the 
sterilized sewage or sludge by the addition of small quantities of un- 
treated sewage or sludge or washed suspensions of certain bacteria (Ps. 
fluorescens and Ps. pyocyaneus) at once initiates absorption of oxygen. 

The addition of KCN to sewage in concentrations of M/200 to 
M/10,000 reduced the rates of oxidation during the first 5 hours, but 
afterward the effect of the cyanide gradually decreased until the rate 
of oxidation became the same as for the sewage alone. 

Some experiments have been carried out on the effect of the pro- 
tozoan flagellate Polytoma uvella on the oxidation of sewage and sewage 
sludge by air. This organism initiated the oxidation of previously 
sterilized sewage but was not so active in this respect as certain bacteria. 
The oxidation of solutions of an ammonium salt, sugars, amino acids, 

















formate, lactate, glycerol, olive oil and phenol in the presence of activated 
sewage sludge has been studied. The rate of oxidation of ammonia 
reached a maximum of pH 8.0 to 9.2. All substances except phenol wee 
oxidized. 

Investigation of the nature and amount of colloidal and other dis- 
persed matter in sewage has been continued. During the past year tie 
work has included experiments on the flocculation of dispersed matter 
by passing streams of air, oxygen, hydrogen and nitrogen throuch 
samples of domestic sewage at 25° C. All four gases cause coagulation 
of a considerable amount of dispersed material in a few hours. Even 
particles so small as to pass an ultrafilter were coagulated by the action 
of the gas bubbles. 

River Mersey Investigation—Progress has been made in the River 
Mersey study, begun in April 1933, with the object of determining the 
effect of discharges of crude sewage into the estuary on the amount and 
nature of silt and other solid matter deposited. 

During the past year hydrographic observations have been made on 
sections of the estuary, noting rates of movement under various tidal 
conditions; the banks exposed at low tide have been surveyed, and an 
attempt has been made to determine the stabilities of different banks. 
Samples of water have been examined at different depths and states of 
tide; likewise, numerous samples of solid matter from exposed banks. 
The nature and quantity of sewage and trade effluents discharged into 
the estuary have been studied. 

The report of the Director of Water Pollution Research gives de- 
tailed information, with illustrative tabulations of data, on all of the 
foregoing topics. The report is a valuable addition to the notable series 
of reports which have been issued annually by the Board since its 
organization in 1927. 

H. W. SrREETER 


SEPARATE SLUDGE DIGESTION. OPERATION OF PLANT 
AT BIRMINGHAM (ENGLAND) DRAINAGE BOARD’S 
YARDLEY WORKS * 


By E. F. STeELE 


The Yardley sewage treatment plant was designed to treat 3 m.g.d. 


of sewage by primary and secondary sedimentation tanks, bacteria beds 
and humus tanks with additional facilities for storm water storage. 

* Paper presented at Midlands Branch Meeting of the Institute of Sewage Puri 
fication held at Birmingham, England, January 26, 1935, and printed in The Surveyor, 
87, 207-8 (Feb. 1, 1935). 


314 SEWAGE WORKS JOURNAL March, 1935 


























Vol. 7, No. 2 SEPARATE SLUDGE DIGESTION 815 







































1 Separate sludge digestion was later provided to prevent odor nuisance 
a in the closely built up area about the works. 
e Sludge is pumped direct from the sedimentation tanks to the primary 


digestion tanks, of which there are seven, each 61 ft. long, 31 ft. wide 
- and 1414 ft. working depth. These tank floors drain to a sump from 





e i which the sludge may be transferred by gravity or by pumping through 
r the two inlets of each of two secondary digestion tanks having a total 
h capacity of 4,000 cu. yds. The primary tanks are provided with ad- 
n justable weirs and valved outlets by means of which depth of filling 
n and decantation of water can be controlled. The excess water is dis- 
n ) charged to the secondary tanks. Floating collectors of steel with copper 

bearings and vacuum valves are placed on each primary tank and are 
r equipped with manholes for ventilating and inspection. Gas is drawn 
= off through a flexible pipe and passes through a reflux valve before reach- 
l ing the common collecting main. The gas is used for heating the primary 


sludge by means of circulating water pumped through a heat exchanger 


n and coils in the bottom of the primary tanks. 

| Vethod of Starting up Digestion Tanks.—About 500 cu. yds. of 
n sludge from the secondary digestion tank, which had been run into 
. trenches and had commenced alkaline digestion, were pumped into a 
f primary digestion tank and raw sludge from the sedimentation tanks 


added at intervals of 3 or 4 days. Vigorous fermentation began within 
0 30 hours, the gas and air mixture being allowed to escape from the gas 
collectors, meanwhile, until all the air was displaced. The other tanks 


- were started by seeding with this ripe sludge and adding raw sludge. 











eC Operating Methods.—For continuing the digestion process in oper- 
S ation it was found best to charge all seven tanks twice each week, first 
S by removal and second by displacement. During the winter one of the 
primary tanks was used as an intermediary between primary and sec- 
ondary treatment, thereby conserving the heat of the warm sludge from 
the six heated primary tanks. The temperature of this intermediate tank 
varied between 78° F. and 73° F. The lag in fermentation in the 
E : primary tanks has been further reduced by pumping hot alkaline water 
. from the secondary digestion tank into the raw sludge inlet main. 
E Humus sludge, because it slows up digestion, is returned to the sedi- 
F mentation tanks where it is mixed with the raw, settling sludge. Sur- 
4 plus water from the secondary digestion tanks is returned to the raw 
sewage inlet. The digested sludge is conducted to 14 acre drainage beds 

S for air drying, the filtrate also being returned to the intake. 
. ] Results—In one year of operation 52,000 eu. yds. of raw sludge 


have been handled, equivalent to 14 per cent of the weekly capacity of 
the primary digestion tanks. These tanks have been charged on the 
average of twice weekly, once by the removal of settled sludge equal to 
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6 per cent of their total capacity and once by displacement of 8 per c 
of water. Gas produced amounted to 24,000,000 cu. ft. and the da 
volume is a good criterion of digestion progress. Of the total, 60 ; 


cent was used for heating, 30 per cent wasted and 10 per cent converted 


into power and light. The average temperature of the digesting sludve 
was 77° F. 

Operating Notes.—Sluggish digestion in the primary tanks is helped 
by quiet circulation for about half an hour, drawing water from thie 
outlet and pumping it to the sludge inlet. Circulation from the bottom 
of the tank was detrimental and retarded fermentation for 48 hours. 
Decantation of water from the secondary tanks, before sludge is with- 
drawn, should be done slowly because its return in large quantities is 
liable to affect the quality of the final effluent. The gas collectors can 
be balanced by adjusting the plug cock on the gas supply line. Plug 
cocks are preferred to wheel operated valves for this purpose. Gas 
mains and flexible gas pipes should be provided with ample water drain 
age facilities. 

J. K. Hoskins 


EXPERIMENTS ON THE PURIFICATION OF CREAMERY 
AND PACKING-HOUSE WASTES 


By MAX LEVINE 


Amer. Jour. Public Health, 25, 171 (February, 1935) 


EXPERIMENTS WITH CREAMERY WASTES 

The filter used in this experiment consisted of a metal tank 2 feet 
square and 6 feet deep. It was filled with coarse cinders retained on a 
1, inch screen. The tank contained ventilating ports at the bottom and 
terminated in a water seal. Skim milk solutions were applied at the 
rate of 800,000 gallons per acre per day for about 14 hours daily. When 
the air ports were open, a high degree of purification was obtained. 
When the ports were closed, the filter clogged and it was necessary to 
wash out the clogging material in order to obtain adequate flow through 
the filter. 

Two filters were used to study the effect of the dosing eyele. One 
filter was filled with cinders and the other with 145 inch to 3% ineh rocks. 
A skim milk solution was applied to the filters at the rate of 600,000 gal- 
lons per acre per day. The dosing eyeles were varied from 21% minutes 
to 22 minutes. The dosing cyele had little influence on the purification 
effected by the cinders, but with the coarser rocks, a short dosing cycle 
was distinctly preferable. With the latter, the run-off and the B.O.D. 
of the effluent fluctuated with the dosing eyele. 
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EXPERIMENTS WITH PAcKING-Hovuse WASTES 

Studies were made on a small seale to determine whether the salt 
concentration causes poor results when the activated sludge process is 
used for treating packing-house wastes. It was found that by using the 
fill and draw method, the activated sludge process could function with 
a pickle brine containing 20,000 p.p.m. NaCl. It was concluded that 
the poor efficiency of the activated sludge process is not caused by the 
presence of NaCl but probably by the fluctuations in the concentration 
of the wastes. 

Settled packing-house waste was applied to a filter 344 feet square 
and 10 feet deep at the rate of 7,000,000 gallons per acre per day for 6 
months. The filter was filled with 1 to 2% inch red granite and was 
aerated constantly at the bottom. The effluent from this filter was 
settled in a small Imhoff tank and then applied to a cinder filter, 3 feet 
square and 8 feet deep, at the rate of 3,000,000 gallons per acre per day. 
The over-all reduction in B.O.D. varied from 94 to 97 per cent and the 
organie nitrogen from 90 to 95 per cent. 

In another series of experiments, the settled waste was applied to a 
shallow cinder filter, settled in an Imhoff tank, and then passed through 
a dolomite filter, 3 feet square and 8 feet deep. The cinder filter could 
he freed of clogging material by back washing with water and agitation 
with air. Very satisfactory results were obtained by this treatment and 
a full scale plant was designed employing this type of treatment. The 
plant consists of a Dorr settling tank; a shallow washable filter, 44 acre 
in area; a dolomite filter, 4% acre in area and 8 feet deep; and a modi- 
fied Dorr clarifier. The primary washable filter contained cinders which 
were later replaced by % to 1 ineh dolomite. The plant was designed 
to handle 750,000 gallons per day. The results obtained during 1933 
show that the preliminary sedimentation reduced the B.O.D. 37 per cent, 
the first filter and settling tank increased the over-all reduction in B.O.D. 
to 65.8 per cent and the second filter and settling tank raised this figure 
to 95.2 per cent. 


P. D. McNAMEE 


TREATMENT AND DISPOSAL OF SEWAGE IN THE 
NATIONAL PARKS 
By H. B. HomMon 
Amer. Jour. Public Health, 25, 128 (February, 1935) 


Since 1922, there have been constructed 52 sewage treatment plants 


in the western parks. Many unusual conditions are met in the park 
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areas. For example, the population of some of the areas will vary fron 
100 to 2500 people; visitors are accomodated in hotels, lodges, hous 
keeping cabins, and automobile camps; water may be scarce; and 

high elevations, the winters are severe. In designing the plants, thre 
points were considered: (1) protection of streams against contaminati: 
and in one park reclamation of sewage for industrial purposes, (2) p1 

vention of odor nuisances, and (3) maintaining architectural and land- 


scape values. 


Activated Sludge, Rapid Sand Filter and Disinfection—Owing to 
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A representative plant of each type employed is describe 





the inereasing sewage volume, the septic tank and contact filter at the 
South Rim of the Grand Canyon National Park were unable to produce } 
an effluent suitable for boiler use or the spraying of lawns. In 1926, it 


was decided to build a new sewage treatment plant. The maximum sew- 


age flow during 1926 was 100,000 gallons per day with laundry wastes 


comprising 10 per cent of the total volume. The temperature of the 


raw sewage varied between 72 and 92° F. 
was designed capable of treating 200,000 gallons of sewage per day. 
The screened sewage passes into a pre-settling tank with a minimum 
detention period of 30 minutes. Between the pre-settling tank and the 
aeration tank is a diversion chamber which can be used to by-pass the 
sewage around the plant. The two aeration tanks are 42 ft. X 8 ft. x 10 
ft. and are designed for an average aeration period of six hours. Two 
longitudinal rows of porous plates in the bottom of the tank receive the 
air from the blowers through 4-in. pipes. The two blowers have a ca 
pacity of 225 cu. ft. of free air per minute against 61% lb. pressure per 
square inch at an altitude of 6,500 feet. There is a clarifier tank 16 ft. 
square with an effective depth of 111% ft. giving a theoretical detention 
period of 2 hours. Up to the present time, a coagulation tank 16 ft x 4 
ft. x 10 ft. has been used as a secondary settling tank. Two rapid sand 
filters each having an area of 77 sq. ft. and composed of 20 inches of 
graded gravel and 32 inches of sand receive the effluent from the acti 
vated sludge plant. Two semi-automatic chlorine machines disinfect 
the effluent from the sand filters. A tank 25 ft. x 16 ft. x 4% ft. is 
used to store the wash water from the filters. The final effluent is pumped 
114 miles to a 200,000 gallon elevated tank by 3-stage centrifugal pumps 
The outlets of all pipes containing reclaimed sewage are marked to warn 
against drinking the water. The reclaimed sewage is used in locomotive 
boilers, boilers for heating purposes, for watering lawns, for flushing 
toilets, etcetera. 
per 1000 gallons. 

Activated Sludge and Disinfection—In Yosemite Valley it was de- 
sired to erect a plant that would produce no odors, would not be notice- 
able from the highways on the floor or the slopes leading out of the val- 
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An activated sludge plant : 
























The cost of the reclaimed sewage averages about $0.38 
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ley and which would produce an effluent which would not contaminate 
the Merced River. <An activated sludge plant was built with a capacity 
for 1,200,000 gallons of sewage daily. The sludge is digested and dried 
n glass covered beds. Liquid chlorine is applied to the influent to the 


( 
second elarifier by two automatic chlorinators. 

Settling Tanks and Disinfection The sewage is treated in settling 
tanks and disinfected at places where large rivers or lakes, which are not 
used as sources of domestic water supplies, are available. Enough chlo- 
rine is added to the effluent of the settling tank as it is discharged to the 
bottom of a contact tank, which has a detention period of 15 minutes, to 
maintain a residual of 0.5 p.p.m. 

Settling Tanks and Spraying Systems.—This method of sewage dis- 
posal is used at areas which are open to visitors only during the warmer 
seasons, and when there is little rainfall. At Giant Forest, the effluent 
from the settling tank is siphoned to sprays in a pipe line 800 ft. long. 
The sprays operate under a head of 50 ft. Areas are selected where the 
soil is porous and where vegetation is heavy. Adjacent sprays are closed 
where the sewage begins to flow in channels and the ground is allowed 
to dry and the soil raked. No odor can be detected 100 ft. from the 
plant. In the vicinity of streams, the effluent from this type of plant 
is disinfected. 

Settling Tanks and Subsurface Galleries—At Zion National Park it 
was not advisable to have the plant above ground so this type of treat- 
ment is employed. The tank is 2 ft. below ground and the galleries are 
) ft. below the surface. The effluent passes to three subsurface galler- 
ies each 100 ft. long and 5 ft. in diameter. There must be a porous sub- 
soil, adequate storage for sludge, a slow settling rate in the settling tank, 
and sufficient area in the galleries to successfully operate a plant of this 
ty pe. 

Septic Tanks and Glass Covered Sand Filter—At Rocky Mountain 
National Park the subsoil is impervious, there is limited space, and the 
winter temperature is as low as —35° F. The roof of the sand filter is 
made of wood with glass on the side exposed to the sun. The effluent 
from the septie tank is applied to the sand filter by an automatic siphon. 
The plant has operated satisfactorily with temperatures below zero. 

Settling Tanks and Open Trenches.—At several places settling tanks 
and open trenches in porous soil are used to dispose of the sewage. The 
trenches are 2 ft. deep and 2 ft. wide at bottom. The surface growths 
are removed each spring. This type of plant is practicable where the 
volume of sewage is small. Plants of this type are operated only during 
the summer season. 

Settling Tanks, Broad Irrigation, Ponds and Disinfection—At the 
Mammoth Hot Springs area in Yellowstone Park the sewage is treated 
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by a disposal system which includes a settling tank, 3 chlorinators, broad 
irrigation, and ponds. One chlorinator is used to disinfect the effluent 
from the settling tank, another the overflow of the ponds, and the third 
the small volume of sewage produced during the winter when the plant 
is inaccessible. 


P. D. McNAMEE 


EXPERIENCES WITH SEWAGE FARMING IN SOUTHWEST 
UNITED STATES (SYMPOSIUM) 


Amer, Jour. Public Health, 25, 2, 119-127 (Feb., 1935) 


1. Texas, V. WM. Ehlers—tIn some sections of Texas, droughts are in- 
termittent and part of the state is normally arid; hence, land disposal of 
sewage has been feasible and economical. Of 68 towns in the State 
using land disposal, 34 grow crops and 2 use sub-surface irrigation. The 
chief concern has been to dispose of sewage without nuisance and to keep 
wastes out of dry streams. Crop growing is secondary, though the value 
of waste water for irrigation has later become apparent. 

Some cities purchase land at $25-$125 per acre and operate the 
farm; others lease the city-owned land to farmers; others donate the 
water to farmers as they may need it. The best crops include small 
grains, grasses, cotton and alfalfa. Pecans, walnuts, grape fruit and 
oranges are profiting by sewage irrigation in some places. Small truck 
crops irrigated with sewage have included beans, pumpkins, potatoes, 
peas and asparagus. <A few cities dispose of surplus activated sludge in 
erowing roses, tulips and other flowers. The total area being irrigated 
for crops is about 4,500 acres. 

The cost of irrigation to cities ranges from nothing, where the effluent 
is donated to the farmers, up to $10 per million gallons, assuming no re- 
turn on the crops. Cities operating their own farms have shown a 
revenue per acre per year of $25 to $135. 

The volume of sewage applied to land varies from 4,500 to 25,000 
gallons per acre daily, depending on the character of the soil. Four in- 
dustrial institutions are disposing of wastes from meat packing, cheese. 
and milk plants on land at rates varying from 5,000 to 15,000 gallons per 
acre daily. Where land has not been overdosed, no nuisance has been 
reported. 

As a guide to operators and designing engineers, 11 rules, including 
the following, are set down: (1) sewage irrigation of vegetables eaten 
raw should not be permitted; (2) sewage effluents applied to land should 
have at least 50 per cent of settleable solids removed first; (3) furrow 
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irrigation is more effective than the border method in preventing pound- 
ine and water-logging; (4) water requirements vary with the soil and 
kind of erop grown; (5) sewage should not be applied to fields in quanti- 
ties greater than that absorbed within 30 minutes; (6) deep plowing 
(12 in.) every 6 to 12 months is recommended ; (7) reserve acreage should 
be provided. 

2. Arizona, F. C. Roberts, Jr—Data are given on land disposal of 
sewage at two towns, Tueson (82,506 population) and Casa Grande 
(1351 population). At Tucson the sewage is screened, settled 30-45 
minutes, and then applied to a 1,360 acre sewage farm at a rate varying 
from 7,500 to 12,500 gallons per acre daily, in winter and summer re- 
spectively. The crops grown are barley, corn, alfalfa, maize, sudan grass 
and cotton. A yield 25-30 per cent greater than that obtained from 
neighboring land not irrigated by sewage is claimed. The capital cost 
of the system has been $176,950. The net annual operating cost has 
ranged from $22,744 down to $3,327, the higher figures representing 
years in which ambitious programs were carried out. The farm requires 
five men for its operation and disposes of 2.5 million gallons of sewage 
daily (average). 

At Casa Grande, 25 acres are required to dispose of 150,000 gallons 
of sewage daily (6,000 gallons per acre). Cotton is the only crop. The 
vield is usually 2 bales per acre, as compared with 1 bale on the best ad- 
jacent farms. The city does not farm the land, but leases it for $30 
per year. Chlorine is used to overcome odors due to the staleness of the 
sewage, at a cost of $183 per vear. The net cost to the city is therefore 
$153 per vear (or $2.85 per million gallons of sewage). 

3. California, FE. A. Reinke—Trrigation of crops with sewage has 
been practiced in California for many years. Pasadena’s sewage farm, 
the oldest, was purchased in 1887. At present, the sewage from 53 
municipalities is being disposed of by irrigation of cultivated crops, from 
9 others by irrigation of wild crops, and from another 28 on land with 
no crops. Thus 90 out of 310 sewered municipalities in California now 
have land disposal. 

In 1938, 46 out of 62 cities reporting, went in for some kind of 
cropping. Of the 4,050 aeres being watered, 3,628 acres were under 
cultivation, the remainder being wild grass. The cultivated acreage in- 
cluded 340 acres of vegetables (all of varieties to be cooked) ; 150 aeres 
of dry beans, 63 acres of tomatoes and 1,660 acres of fruit trees and vine- 
yard. The remaining 1,617 acres were planted to alfalfa, fodder crops, 
sugar beets, hops and cotton. 

[In 1918 the California State Department of Health adopted regula- 
tions concerning the use of sewage effluents for irrigation, which pro- 
hibited irrigation of berries and salad vegetables; permitted irrigation 
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of vegetables harvested in the dry state; and permitted, under restric- 

tions, such uses as (1) for garden truek if not watered 1 month before 

harvesting, (2) orchards, if windfalls were not gathered for human e¢on- 
. 5 

sumption, (3) melons if raised on hills above the water, and (4) fodder 

crop if milk cows were excluded from the fields. 

Under these regulations, health officials were obviously required {« 

g 


supervise the growers and the regulations proved unsatisfactory. New 


regulations were adopted in 1933, based on elassification of sewav 
effluents as well as on crops to be irrigated. 

The present rules forbid the use of raw sewage and raw or undi- 
vested sludge for irrigation of growing crops; make no restrictions on 
use of well oxidized, highly disinfected effluents, and permit the use of 
settled and undisinfected effluents on nursery and fodder crops, cotton 
and sugar beets, but not on vegetables, berries and low-growing fruits. 

H. W. STREETER 


PRACTICAL ASPECTS OF STORING AND HANDLING 
FERRIC CHLORIDE 


By J. M. Porrer 


Water Works and Sewe rage, 82, 10 (Jan., 1935) 


There are three commercial forms of ferric chloride available : 

1. Liquid ferrie chloride, an aqueous solution containing 39 to 45 
per cent FeCl, by weight. 

2. Crystals, a definite crystal of the formula FeCl,-6H.O containing 
60 per cent FeCl, by weight. 

3. Anhydrous, a water free form containing 98 per cent or more 
FeCl, by weight. 

Liquid ferric chloride shipments are made in rubber lined tank cars 
holding 8,000 gallons. The liquor is easily handled and, except for its 
strongly corrosive nature, offers no storage hazards. Ten thousand 
gallons should be the minimum storage capacity for plants using tank 
cars of ferric chloride. Wood, reinformed concrete, or steel tanks lined 
with rubber and with all exposed exterior surfaces protected with ferric 
chloride resistant paint are ideal containers. 

Crystal ferric chloride is packed in non-returnable, paraffine-lined 
wooden barrels of 55-gallon capacity, holding approximately 435 pounds. 
To prevent melting, it is advisable to store barrels in single tiers under 
dry conditions at temperatures below 98.6° F. The storage space re- 
quired is approximately 70 square feet per ton of FeC],. 

Anhydrous ferric chloride is shipped in non-returnable steel drums 
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rie- holding 150 pounds. These drums may be stored in tiers, requiring 
ore about 40 eu. ft. of space per ton of FeCl,. 

on- [he hygroscopic nature of ferric chloride prohibits the use of dry 

er feeds, and the corrosiveness of solutions prevents the use of ordinary 

piping and feeding equipment. Rubber, glass, Bakelite, ceramic mate- 
0 } rial or resistant metals such as Durichlor or Hastelloy ‘‘C’’ will resist i 

W ij all concentrations of ferric chloride at normal temperatures. 

we Solution tanks are necessary for dissolving either crystals or anhy- 

drous ferric chloride. Concentrations of less than 40 per cent are recom- 

(i- mended to prevent crystallization and solution strengths should be de- 

on termined by adding a weighed quantity of ferric chloride to a definite 

of volume of water. Solution tanks of steel, reinforced concrete or wood, 
on rubber-lined and faced with acid proof brick and cement are preferable. 

Dilution tanks should be used for preparing and supplying uniform 
solutions to feeders and may be similar in construction to solution tanks 
but without the brick facing. Concentrated solutions are diluted to 3 

or 4 per cent FeCl, by adding gauged volumes of water and solution. 

A positive displacement or a variable siphon head type of feeder of 
corrosion-resistant material is reeommended for applying ferric chloride 
solutions. For simple coagulation of sewage, water purification prac- 
tice for flocculation and sedimentation will give the best results. For 
sludge conditioning, rapid agitation for 5 or 6 minutes followed by con- 

tinuous filtration is preferable to the batch method. 

: R. S. Suira 

) 

- ‘ THE PROPOSED CONEY ISLAND SEWAGE TREATMENT 

4 WORKS OF NEW YORK CITY 

e 3 

4 3y RicHarp H. GouLp 

“ Water Works and Sewerage, 82, 35 (Feb., 1935). 

5 id 

l : New York City is planning immediate construction of the first part 

k of the Coney Island Sewage Treatment Works in the Borough of Brook- 

lvn. The present flow is estimated at 15 m.g.d. and the ultimate flow 

c : at 140 m.g.d. in 1970. The proposed plant will have a capacity of 

3) m.g.d. 

4 The sewage that will be immediately tributary to the new plant is 
now treated in four old, inadequate treatment plants and discharged 
into Coney Island and Shellbank Creeks with the resulting putrefactive 

; conditions. Sewage treatment in this area is necessary to clean up these 

creeks and permit the development of the proposed Marine Park as well 

q as to protect the great bathing beaches at Coney Island and Brighton, 


Manhattan and Roekaway Beaches. 
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The treatment plant is located on Shellbank Creek where little diiu- 






tion is available and it is proposed to carry the plant effluent through an 
8,300 ft. outfall to an outlet structure bordering the main channel in 
Rockaway Inlet leading to Jamaica Bay. Here the tidal currents tread 























toward the open ocean rather than toward the nearby beaches. i 

Consideration of conditions prevailing at the proposed outlet indi- 
cate that during the summer the plant effluent should be free from visible 
suspended solids and reasonably free from bacterial pollution. During 





the winter removal of most of the settleable solids is thought the only 
treatment necessary. These conditions would be met by the activated 


aloes A a Pt 


sludge process or by chemical precipitation and chlorination during the 


summer and plain sedimentation during the winter. Due to limitations 
of available site and cost of power, chemical precipitation using lime and 
iron salts as precipitants has been adopted. Chemicals will be delivered 
by water in barges. The plant is laid out so that if further treatment is 
desired in the future, mechanical filters can be added. 

Present plans eal] for digesting the sludge and collecting the eas for 
use in generating power for plant purposes. The digested sludge will 
be dewatered on a vacuum filter and will be used for developing top- 
soil in nearby large park developments, or may be disposed of on land 
fills or in rubbish incinerators. In the future, as the quantity of sludge 
increases, it will be more economical to dispose of it by barging to sea. 
The works are so laid out that sludge may be disposed of by barging to 
sea either raw or digested, and digested filter cake may be disposed of 
by trucking or by bareine to sea for disposal on land or in refuse 


incinerators. 






R. S. Suir 










THE ELIMINATION OF CHECK VALVE SLAM 







H. K. PALMER 









Water Works and Sewerage, 82 (Feb., 1935) 

















When a pump suddenly stops, the water in the discharge pipe tends 


to keep in motion, due to its momentum. If the discharge check ean be 






closed before the water comes to a stop, the water cannot start to flow 






backwards and the valve will not slam; henee, the valve should be closed 





rapidly. This can be accomplished by using a valve with extended 





hinge pin and arm so that the flap can be counterweighted, thus prevent- 






ing the flap from opening fully but accelerating its return movement. 






On one test with a four-inch pump discharging into a pneumatic tank 






under 65 pounds pressure, the slam was eliminated by hanging a weight 
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on the hinge pin arm that increased the pumping pressure less than one- 
half pound. 

Where it is impossible to make the valve close quickly enough, an 
air chamber will often provide a cushioning effect and delay stopping 
the water in the main line. It should consist of a piece of pipe the same 
diameter as the discharge pipe and about two or three diameters in 
height so that it will not supply enough water to permit any back tlow 
through the eheck valve. An air chamber arrangement that has been 
found very satisfactory has an auxiliary check and a gate valve or plug 
cock. The auxiliary check should be nearly as large as the main check 
and is set to admit water to the chamber. The gate valve is adjusted 
by trial until it limits the flow from the chamber enough to prevent 
slamming and is then left in that position. 

To correct slamming in an existing check valve, an air chamber may 
be built into the cover of the valve, but the size of the chamber must be 
carefully adjusted 
R. S. Suir 


SLUDGE DEWATERING AT THE BALTIMORE SEWAGE 
WORKS 


By C. E. KEEFER 


Water Works and Sewerage, 81, 403 (December, 1934) 


Experiments recently completed at Baltimore indicate that digested 
sludge can be dewatered by vacuum filtration for about $3.30 per ton 
of dried solids as compared with an average cost of $6.13 when dried on 
sludge beds. 

One of the first experiments conducted on the mechanical dewatering 
of sludge was with a German centrifuge. No coagulent was used and 
the cost was estimated to be about $7.10 per ton of dry solids. The 
effluent was very turbid, with a 5 day B.O.D. of 9,100 p.p.m. About 
3) per cent of the solids passed out of the machine with the effluent. 

A more promising investigation was conducted in 1931 and 1932 
with two small vaeuum filters using ferrie chloride and chlorinated 
copperas as coagulants. The capacity of the filter increased with an in- 
crease of coagulant up to a limit. During the winter higher filter capaci- 
ties were obtained with the use of small amounts of coagulant than 
during the summer. In the summer it was impossible to obtain a satis- 
factory cake with less than 7.0 lbs. of ferric chloride per 100 Ibs. of dry 
solids. 


Klutriation, or washing, of the sludge was found to reduce mate- 
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rially the amount of coagulant required for satisfactory filtration ai a 
given rate, the ammonia derivatives and ammonia compounds pres«ut 
diffusing into the wash water to a large extent. By elutriating ‘he 
sludge with two volumes of water the amino-ammonia nitrogen can be 
reduced about 55 per cent. When filtering unelutriated sludge with 
800 p.p.m. amino-ammonia nitrogen, 7.2 per cent of ferric chloride was 


required to give a filter rate of 8 lbs. dry solids per sq. ft. per hour. 


After reducing the amino-ammonia nitrogen content to 95 p.p.m. by 
elutriation, only 1.8 per cent of ferric chloride was required to give 
the same filter capacity. The decanted wash water from the elutriation 
will be less than 0.5 per cent of the sewage flow and the average of 
several tests showed it to have a 5-day B.O.D. of 158 p.p.m. and 270 
p-p.m. of suspended solids. 

Estimated costs of filtering digested sludge and other related data 


are given as follows: 


Sludge Enelutriated Sludge Elutriated 
Using Using Using Using 
Ferric Chlorinated | Ferric Chlorinated 
Chloride Copperas Chloride Copperas 
Quantity of anhydrous coagulant 
per 100 lb. dry solids 5.25 lb. 11.00 lb. 2.50 Ib. 4.10 lb. 
Filter Rate: Dry Solids per Sq. 
Ft. per Hour 6.84 lb. 7.92 lb. 7.20 lb. 7.00 Ib. 
Cost per ton of dry solids $4.58 $4.66 $3.38 $3.28 


R. S. Smiru 





KEEPING LIME SOLUTION LINES CLEAN 











By L. H. ENsLow 





Water Works and Sewerage, 82, 57 (Feb., 1935) 


To keep pipe lines carrying lime solution free from incrustration, 
the Richmond, Virginia, filter plant uses a program clock which opens 
and closes a flushing valve at the inlet of the line every four hours. 

If a seale builds up which this scheme of water scouring will not 
remove, it can be dissolved or loosened by running chlorine water from 
a chlorinator through the line. The chlorine water reacts with the lime 
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carbonate to form hypochlorous acid, carbon dioxide and calcium 
chloride. After the carbonate is all converted, the chlorine solution will 
attack metallie solution lines. Rubber hose with a joint made by butting 
ends inside a sleeve of larger diameter hose makes a very satisfactory 
chemical feed line. 

R. S. Suiri 


DEAMMONIATION OF SEWAGE SLUDGES 


By A. L. GENTER 


Industrial Engineering Chemistry, 27, 218 (1935) 


The resistanee of sewage sludges to coagulation is caused by the 
soluble products of decomposition generated and accumulated in the 
various sludges. Relatively fresh sludges require much less coagulant 
than well decomposed sludges. The amino-ammonia nitrogen increases 
on decomposition and the amount of coagulant is almost directly pro- 
portional to it. Sludge containing 100 p.p.m. of amino-ammonia nitro- 
een required 2.2 per cent ferric chloride while sludge containing 325 
p.p.m. required 8 per cent ferric chloride to bring about maximum 
filtration rates. When the amino-ammonia nitrogen was reduced from 
325 to 15 p.p.m., only 1 per cent ferric chloride was needed to effect the 
same result. This indicates that a large amount of the ferrie coagulant 
is consumed in reacting with the ammonium compounds produced by de- 
composition and in floceulating the colloids produced by their presence. 

Deammoniation, 7.¢e., the partial or total removal of the decomposi- 
tion produets associated in solution with ammonia and its derivatives, 
can be effected by simple elutriation or by chemical reagents. In prac- 
tice, it was found advantageous to combine the two procedures. The 
sludge is treated with formalin, about 2 per cent, and allowed to stand 
for 17 hours. It is then elutriated with two volumes of water and 
allowed to settle for 12 hours. The application of heat was found to 
accelerate the formaldehyde deammoniating-reaction speed. The pres- 
ence of formalin arrests further ammonification by bacterial activity 
during the period of treatment. The methane produced by digesting 
sludge is a potential source of formaldehyde. Excellent results were 
also obtained by the use of chlorine and hypochlorites. 


P. D. McNAMEE 
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BROOKHAVEN REBUILDS ITS SEWAGE TREATMEN' 
PLANT 


By W. W. CHALK 


Public Works, 66, 13 (February, 1935) 


The old sewage treatment plant of Brookhaven, Mississippi, consist- 
ing of a twin Imhoff tank and contact filter had become so inadequate 
that in 1933 several suits were pending against the city. The plant was 
rebuilt with C.W.A. funds, utilizing as much of the old plant as pos- 
sible. The plant, consisting of a primary settling tank, separate sludge 
digestion tank, sludge drying beds, trickling filters, pumping station and 
chlorinator, was put into service October 1, 1934. Dry-weather flow is 
500,000 gallons per day which is increased to a little over 1,000,000 gal- 
lons per day during heavy rains. The plant was designed for the larger 
amount. 

R. S. Smiri 


NEW SEWAGE DISPOSAL PLANT AT DECATUR 


ANONYMOUS 


Public Works, 66, 14 (Feb., 1935) 


Decatur, Georgia, with a population of 13,000, put a new sewage 
treatment plant, serving the southeastern part of the city, into operation 
on December 1, 1934. Design capacity of the plant is 300,000 gallons 
per day. Complete treatment is provided, consisting of a bar screen, an 
Imhoff tank, trickling filter and chlorination. The filter is 90 ft. in 
diameter and is dosed by a four arm rotary distributor operating under 
a 24 in. head. Chlorine is fed through a dry feed chlorinator into a 
chlorinating chamber on the filter effluent line. 

R.S. SMivri 


FAIRHOPE SEWAGE TREATMENT PLANT 


ANONYMOUS 


Public Works, 66, 16 (Feb., 1935) 






Fairhope, Alabama, a town of 2,000 population on the eastern shore 
of Mobile Bay, is building new sewage treatment plant with P.W.A. 
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funds. The plant will consist of a bar screen, clarifier, sludge pump, 
separate sludge digestion tank and sand drying bed. A chlorinator will 
be installed for chlorinating both the influent and effluent of the clarifier. 
The entire plant, except the bar sereen, can be by-passed, permitting the 
complete shutdown of the plant in winter when there is no bathing in the 
ba) 
“ R. 8S. Smirn 
late ai 
as 
si NEEDED: A NATIONAL POLICY ON STREAM POLLUTION 
qoe ' 
. i ANONYMOUS 
ind : 
v is i Public Works, 66, 10 (Jan., 1935) 
i 
nil Today small excuse exists for a continuation of our lack of policy 
regarding stream pollution. Municipalities and industries alike are 

) offenders. Among the reasons tending to perpetuate and intensify 

present conditions are: 
1. Inertia. Any municipality hesitates to discontinue its own pollu- 
tion of a stream while other serious pollution continues. 
2. The cost of waste treatment, which may be a serious hindrance. 
3. The fact that present efforts are generally limited by state 
boundaries. 
A national policy on elimination of pollution, fostered and directed 
age : by a national law giving a five or ten year program is suggested as a 
on : solution. Such a program, carried through in a reasonable way, would 
ons 4 create a tremendous amount of employment. Government financing 
an q with low interest and construction costs far below those of a few years 
in : ago, due to improved methods, should make the burden of sewage treat- 
der ; ment a light one in most cases. Losses under a government financing 
4 8 
oa 3 policy should be small. 

4 rom the engineering viewpoint, control of design, provision for ade- 
quate future operation and the general carrying out of the program 
would be in the hands of the engineering departments of the state boards 

z of health under the general supervision and coordination of some gov- 


ernmental agency, preferably the Public Health Service. 

Many of the problems cannot be solved by the action of one state 
alone; and the formulation and prosecution of a national policy seem 
to offer the only prospect of saving our streams from intolerable pollution. 

R. 8. SMITH 


lore 
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INDUSTRIAL WASTES INTERFERE WITH IMHOFF TANK 
OPERATION 


ANONYMOUS 
Public Works, 66, 12 (Jan., 1935) 


An unusual overloading of an Imhoff tank was found in a small 
Wisconsin city. An Imhoff tank was used for treating the sewage from 
a population of 1,200. <A large creamery was connected to the system 
and later a three-line pea cannery started discharging 50,000 @.p.d. of 
wash water, 30,000 g.p.d. of cooling water and the silage juice from the 
stacked vines from about 800 acres into the city sewers. The Imhoff tank 
under normal conditions provided 31% hours detention for the domestic 
sewage, but the creamery wastes reduced this to about 284 hours. When 
the plant was receiving wastes from both the cannery and the creamery, 
the detention period was only 28 minutes. Much trouble was expe- 
rienced with foaming although the gas vent walls were raised 4 feet. 
Sludge could not be removed in the usual manner, as most of the solids 
were in the gas vent scum. 

In another village an Imhoff tank was handling the sewage from 
about 135 houses. Wastes from a cheese factory handling about 60,000 
pounds of milk daily were discharged into the village sewers after 
passing through a septic tank. Overloading reduced the removal of 
suspended solids to a negligible amount. Preliminary biological filtra- 
tion on a crushed granite filter 7 ft. deep was provided for all wash water 
from the cheese factory and the whey returned to the farmers for stock 
feeding. Marked improvement in the Imhoff tank operation resulted. 

R. 8. Suir 


Editor’s Note.—A letter has been received from Dr. Heinrich Blunk, 
of the Emschergenossenschaft, Essen, Germany, calling attention to the 
fact that the article by Raymond Gaultier, abstracted in Tuts JOURNAL 
(Sept., 1934, page 1028) was based to a large extent on the work and 
computations previously reported by Dr. Blunk (THis JouRNAL, May, 
1934, page 613). Dr. Blunk’s article referred to the operation of 
trickling filters and the influence of various factors such as volume of 
film (schmutzdecke), salt content of influent, temperature, and depth 
of filter. These data were discussed by Mr. Gaultier without reference to 
Dr. Blunk’s publication. 
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U. S. Public Health Service, 
Ave., N.W., 


Moss, F. J., 
19th and 
Washington, D. C. 

Old, H. N., U. S. Public Health Service, 
Room 304, 210 State St., New Orleans, 
La. 

Purdy, William C., E. Third and Kilgour 
Sts., Cincinnati, Ohio. 

Shaw, Frank R., U. S. Public Health 
Service, Suite 816, New Federal Bldg., 


Constitution 


Chicago, Il. 
Streeter, H. W., E. 
Sts., Cincinnati, Ohio. 


Third and Kilgour 


340 SEWAGE WORKS JOURNAL 








Mareh, 1:35 











Sullivan, E. C., U. S. Publie Hea!th 
Service, Third and Kilgour Sts., ( 
einnati, Ohio. 

Tarbett, R. E., U. S. Publie Health Ser- 
vice, 19th and Constitution Ave., N 
Washington, D. C. 

Theriault, E. J., U. S. Publie Health 

Pollution 


tions, E. Third and Kilgour Sts., 


Service, Stream Investiga 


n- 
einnati, Ohio. 

Wright, Charles T., Interstate Sanitary 
Dist. No. 2, 3067 Navy Bldg., Wash 
ington, D. C. 


Iowa Wastes Disposal Association 


Mr. Lindon J. 


Bartow, Edward, University of Iowa, 
Dept. of Chemistry and Chemical Engi- 
neering, Iowa City, Iowa 

Bentley, Henry S., 510 W. College St., 
Osage, Iowa 

Cudahy, Packing Co., The, Laboratory, 
South Omaha, Nebr. 

Currie, C. H., Currie Engineering Com 
pany, Webster City, Iowa 

Devoe, P. K., City Engineer, Creston, 
lowa 

Dye, Elmer E., 315 58th St., Des Moines, 
Towa 

Ellerbroek, L. 
Sioux City, Iowa 

Hall, M. G., 
terville, Iowa 

Hinman, Jack J. Jr., Post 
363, Iowa City, Iowa 

H., Supt. Water & Sewers, 

Vine St., Hampton, lowa 


P., c/o L. G. Everist, Ine., 
Hall Engineering Co., Cen 
Office Box 


Jacobson, J. 
310 N. 
Levine, Max, Bacteriology Dept., 
State College, Ames, Iowa 
Mark, William R., Jr., Room 18, 
House, Des Moines, Iowa 
Mather, Edward K., Dakota Engineering 
Co., 309 Western Bldg., Mitchell, S. D. 


lowa 


State 


Murphy, Secretary-Treasurer, Iowa State College, Ames, Iow: 


Michael, H. J., 
Pomeroy, Iowa 
Morrell & 


Iowa 


Supt. Water and Sewers, 


Company, John, Ottumwa, 


Murphy, Lindon J., Engineering Exten 

sion Service, Iowa State College, Ames, 
lowa 

Nelson, Gussie H., Jr., 2625 Hunt St., 
Ames, Iowa 

Schrack, Bert, 621 1st St., S.W., Oelwein, 
Iowa 

Towne, W. 


Engineering, 


Waldo, Division of Sanitary 


Capitol Annex, Pierre, 
Ss. D. 

Truckenmiller, E. E., Supt. Publie Util 

ties, Sibley, Iowa 

Engineer 


Waterman, Karle, College of 


ing, State University of Iowa, Iowa 
City, lowa 

Wieters, A. H., 
Div., State Dept. of 
Moines, Iowa 

Wise, Sam, Water Superintendent, Man- 


Sanitary Engineering 


Health, Des 


son, Iowa 
Young, Frank E., City Engineer, City 
Hall, Cedar Rapids, Iowa 
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Maryland-Delaware Water and Sewerage Association 






MEMBERS OF FEDERATION : 


4. W. Blohm, Secretary-Treasurer, State Department of Health, 2411 N. Charles 


St., Baltimore, Md. 


Mr 

Armeling, George K., 4031 Bonner Road, 
Baltimore, Md. 

Beavin, B. E., Annapolis Met. Sew. Com., 
A iapolis, Md. 

Beckett, Richard C., State Dept. of 
Health, Dover, Del. 

Bingley, W. MeLean, 3623 Spaulding 


Avenue, Baltimore, Md. 

Blohm, A. W., 2411 N. Charles St., Balti- 
more, Md. 

Bureau of Sewers, 312 Municipal Build- 
ing, Baltimore, Md. 

Clement, R. C., 3419 Morrison St., N.W., 
Washington, D. C. 

Coblentz, M. H., Maryland Dept. of 
Health, Office of Chief Engineer, 2411 
N. Charles St., Baltimore, Md. 

Cromwell, Edward C., Baltimore Sewage 

reatment Plant, Colgate, Md. 

Crozier, B. L., Chief Engineer, Municipal 
Bldg., Baltimore, Md. 

Donaldson, Edgar F., Annapolis Water 
Co., R. F. D. No. 1, Annapolis, Md. 
Finck, G. E., Bureau of Sewers, Munici- 

pal Bldg., Baltimore, Md. 

Genter, Albert L., Wyman Park Apart- 
ments, Baltimore, Md. 

Goodrich, A. E., Maryland State Dept. 
of Health, 2411 N. Charles St., Balti- 
more, Md. 

Gregory, J. H., Johns Hopkins Univer- 
sity, Homewood, Baltimore, Md. 

Hall, Harry R., Washington Surb. San. 
Dist., Hyattsville, Md. 


Michigan Sewage 
Mr. W. 


Anderson, R. A., Supt. Sewage Treatment 
Plant, Muskegon Heights, Mich. 

Arney, Russell, 7227 Payne Avenue, 
Dearborn, Mich. 

Assenmacher, William H., 6469 Stead- 
man Ave., Dearborn, Mich. 

Bentley, Roy, Michigan Home & Train- 

ing School, Lapeer, Mich. 


Hopkins, Edward S., Montebello Filters, 
Hillen Road, Baltimore, Md. 

Jester, J. M., 
Sanitary Dist., Hyattsville, Md. 

E., 2030 Park Ave., Baltimore, 


Washington Suburban 

Keefer, C. 
Md. 

Krumbine, William, Easton, Md. 

Morse, Robert B., Washington Suburban 
Sanitary Dist., Hyattsville, Md. 

Owings, Noble L., 109 Washington Ave., 
Riverdale, Md. 

Patrick, J. G., W. Va. Pulp & Paper Co., 
Luke, Md. 

Powell, S. T., Professional Bldg., 303 N. 
Charles St., Baltimore, Md. 

Ruark, Milton J., 
Bldg., Baltimore, Md. 

Shelley, F. C., 6206 Fair Oaks Ave., 
Baltimore, Md. 

Simmons, W. H., Owings Mills, Md. 

Smith, Paul L., 5404 Tramore Rd., Balti- 
more, Md. 

Wallace N., State Dept. of 
Health, Salisbury, Md. 

State Dept. of Health, 2411 N. Charles 
St., Baltimore, Md. 

U. S. Industrial Alcohol Co., P. O. Box 
1797, Baltimore, Md. 

Weiner, 
Treatment Plant, Colgate, Md. 

Whitman, Requardt & Smith, Charles and 
Biddle Sts., Baltimore, Md. 

Wolman, Abel, State Dept. of Health, 
2411 N. Charles St., Baltimore, Md. 


Room 600, Municipal 


Spring, 


Harry, Back River Sewage 
* ba) 


Works Association 


EF. Shephard, Secretary-Treasurer, State Dept. of Health, Lansing, Mich. 


Biery, John E., Asst. City Engineer, City 
Hall, Jackson, Mich. 

Birkeness, O. T., Room 511, 605 W. Wash- 
ington Ave., Chicago, Ill. 

Board, Leonard M., Sanitary Engineer, 
Hillsdale County Health Dept., Hills- 
dale, Mich. 
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Bowers, T. C., 202 E. Ganson, Jackson, 
Mich. 
Browning, C. F 


Washington, 


-» 1327 
D.C. 


990° 


Kengon St., N.W., 


Dearborn, Mich. 


Chambers, Mark A., City Hall, Battle 
Creek, Mich. 

Clemmer, M. E., 911 W. Michigan, Battle 
Creek, Mich. 

Crabtree, Robert G., 2710 Elsinore Drive, 
Route No. 5, Pontiac, Mich. 

_ Damoose, Naseeb, Sewage Treatment 

Plant, Grand Rapids, Mich. 

Davis, M. W., 455 Norwood St., Hills- 
dale, Mich. 

Dempster, <A. J., 9355 Wildemere, 
Detroit, Mich. 


Dodge, H. P., Dodge and Menefee, Ann 
Arbor, Mich. 


Dornbush, Nick, Fremont, Mich. 

Dorr, Fred, Box 717, Royal Oak, Mich. 

Doyle, Thomas J., 274 E. Boulevard, 
Pontiac, Mich. 


Drury, W. R., Shoecraft, Drury & Me- 
Namee, Ann Arbor, Mich. 

Eldridge, E. F., Chemistry Dept., Michi- 

gan State College, East Lansing, Mich. 


Fargo Engineering Company, Jackson, 
Mich. 

Faust, B. J., Michigan Dept. of Health, 
Lansing, Mich. 

Filkins, D. <A., Supt. Public Works, 
Sparta, Mich. 

Foster, Wade, Bad Axe, Mich. 

Francis, George W., Francis Engineer- 


Bldg., Mich. 
7446 Ternes Avenue, 


ing Co., Eddy Saginaw, 
Groen, Michael A., 
Dearborn, Mich. 
Habermehl, C. A., 
Dearborn, Mich. 


7603 Reuter Avenue, 


Hamill, H. H., Plymouth, Mich. 
Hamilton, George, 4796 Helen Avenue, 


Dearborn, Mich. 
: ee 
Hargraves, D. L., 
Pontiac, Mich. 
Hasson, H. H., c/o Van 
Health Dept., Paw Paw, Mich. 
Hubbell, 2640 Buhl 
Detroit, 


Christiansburg, Va. 
107 N. 


Hanes, 
A ve 


Genesee 9 


Buren County 


Bldg., 


George E., 


Mich. 
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Jacka, S. 
Mich. 
Jackson, R. B., City Engineer, Jack 

Mich. 

Jackson, T. L., St. Ignace, Mich. 
Jellema, John F., 809 E. 22nd St., 1] 
Jand, Mich. 
Jennings, L. R., 

Mich. 
Kammerling, Lane, 194 E. 
land, Mich. 


C., City Engineer, Lans 


508 E. Main St., Owos 


7th St., H 





0 






y 





} 
|- 





Kelley, R. E., 119 S. Maple St., Sturgis, 
Mich. 
Kessler, T. F., City Manager, Esean 4 
Mich. i 
Leemaster, J. F., 1036 Lansing Ave, z 
Jackson, Mich. ; 
Lewis, Harry, Supt. Public Works, Mus- 
kegon, Mich. 
Lowry, L. A., 2219 Milbourne St., Flin 
Mich. 
McFarlane, W. D., 14365 Marlowe Ave 
nue, Detroit, Mich. 
McGrath, C. P., 116 Clinton St., Mt. 
Clemens, Mich. 
McKenna, Harold R., 520 E. Third St., 
Flint, Mich. 
MeKenzie, H. W., Schaefer Bldg., Dear 
born, Mich. 
May, D. C., Ayres, Lewis, Norris & May, 
Cornwell Bldg., Ann Arbor, Mich. 
Miller, Edmund C., 6250 Schaefer Road, 
Dearborn, Mich. 
Mudgett, C. T., Sewage Treatment 
Works, Pontiae, Mich. 
Oeming, L. F., 720 W. Lenawee St., Lan 
sing, Mich. 
Ohr, Milo F., Resident Engineer, P.W.A., : 
Northport, Mich. j 
Olson, Herbert A., 508 Felch St., Ann 
Arbor, Mich. i 
Owen, Mark B., Supt. Public Works, | 


7752 Kentucky Ave., Dearborn, Micl 
Paul, Claude, Third Jacksol 
Mich. 


805 St., 


Potts, Harry G., Pennsylvania Salt Co., 


Wyandotte, Mich. 
Powers, Thomas J., Stream Control Con 
mission, Lansing, Mich. 


Raymond, N. L., 
Owosso, Mich. 


City Engineer, City 0 


l 





f 














in 
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Roth, Albert, Hubbell, Hartgering & 
Roth, 2640 Buhl Bldg., Detroit, Mich. 
2oth, A. J., Pullman, Wash. 
Rumsey, James R., Sewage 
Works, Grand Rapids, Mich. 
ider, Edwin C., P. O. 
Tawas City, Mich. 


Treatment 


Box 404, 


Schn 


Shephard, W. F., State Dept. of Health, 
Lansing, Mich. 
Smith, Robert J., Francis Engineering 


Co., Eddy Bldg., Saginaw, Mich. 
Smit Walter E., Wallace & 
Co., Ine., 415 Brainard St., 
Mich. 
Snedeker, L. LaVerne, 150 S. MeKeunzie, 
St., Adrian, Mich. 


Sparks, Bert, Hastings, Mich. 


Tiernan 
Detroit, 
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Stewart, Henry F., 5264 Argyle Ave., 
Dearborn, Mich. 

Theroux, Frank R., Civil 
School, Michigan State College, E. Lan- 
sing, Mich. 

Volk, J. A., Supt. 


Works, Traverse City, Mich. 


Engineering 


Sewage Treatment 


Weeber, Earl R., Hamilton & Weeber, 
2130 Paris Ave., S.E., Grand Rapids, 
Mich. 

Welch, Pierre R., 718 W. Dayton St., 


Flint, Mich. 
Wileoxen, L. C., 
Detroit, Mich. 
Ziteck, Jack, 136 East 19th St., Holland, 
Mich. 


City Engineer’s Office, 


Missouri Water and Sewerage Conference 


Mr. Herbert M. Bosch, Secretary-Treasurer, State 


soard of Health, Jefferson City, 


Mo. 


And 
Co., Sedalia, Mo. 
Bacharack and Co., E. W., 500 


ws, Lewis P., Supt., Sedalia Water 


Rialto 


Bldg., Kansas City, Mo. 

Badger Meter Mfg. Co., 417 E. 13th 
Street, Kansas City, Mo. 

Barada & Page, Guinotte and Michigan 
\ves., Kansas City, Mo. 


Barnes, W. E., City Engineer & Supt., 
Water Works, Liberty, Mo. 
Beekman, H. C., Dist. Engr., U. 
logical Survey, Rolla, Mo. 
Black & Veatch, Mutual Building, Kansas 
City, Mo. 
Board of Publie 
Macon, Mo. 
Board of Public Works, St. Charles, Mo. 
Bosch, Herbert M., State Board of 
Health, Jefferson City, Mo. 

Brown, Cleo, Light & Water Dept., Har- 
risonville, Mo. 

Brown, Hugh, Supt. Water Works, Van- 
dalia, Mo. 


S. Geo- 


Works, East Main St., 


Carborundum Company, The, Niagara 
Falls, N. Y. 

Chillicothe Municipal Utilities, Chilli- 
cothe, Mo. 


Cullom, W. H., Water Com- 
pany, Lexington, Mo. 

Dickey 
W. S. 

Dorr 


way, 


Lexington 


Clay Manufacturing Company, 

Kansas City, Mo. 

The, 439 

Kansas City, Mo. 

Supt. 
Bowling Green, Mo. 

Ekern, P. C., 
Co., Mexico, Mo. 

Filby, E. L., Black & Veatch, 701 Mutual 
Bldg., Kansas City, Mo. 

Flannery, E. S., Supt. Water 
Platte City, Mo. 

Fuhrman, Ralph E., Supt. Sewage Treat- 
ment Plants, Dept. of Publie Utilities, 
Springfield, Mo. 


Ward Park- 


C 7 
ompany, 


Dougherty, E. J., Water Works, 


Missouri Power & Light 


Works, 


Gallagher, H. A., Independence Water 
Works Co., Independence, Mo. 
General Chemical Company, 1324 Paul 


Brown Bldg., St. Louis, Mo. 


Glenn, E. S., City Engineer, Carthage, 


Mo. 

Hack, Jacob G., Crystal City Water 
Works, Crystal City, Mo. 

Haerle, C. M., Lexington Water Com- 


pany, Lexington, Mo. 
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Haskins, C. 
sas City, Mo. 


A., 407 Finance Bldg., Kan- 


Haynes, Carl, Supt. Water Works, 
Moberly, Mo. 
Hebbler, O. L., Supt. Water & Light 


Dept., Higginsville, Mo. 
Helmreich, L. W., Capital City 
Co., Jefferson City, Mo. 
Hoen, C., Supt. Carthage Water & Elee. 
Plant, Carthage, Mo. 
Hogan, M.S., Supt. Water & Light Dept., 
West Plains, Mo. 
Hord, C. E., La. 
jana, Mo. 


Water 


Water Company, Louis 


Howard, R. R., Supt. Water Works, 
Slater, Mo. 
Jacoby, Clark E., Interstate Building, 


Kansas City, Mo. 


Johnson, Seott W., Chief of Section 


’ 


Dept. of Public Welfare, St. Louis, 
Mo. 

Justin, J. E., 1220 LaSalle St., Beloit, 
Wis. 


Kansas City Power & Light Co., Carroll 
ton, Mo. 
Layne-Western Company, 215 


B. M. A. 
Building, Kansas City, Mo. 


Ludlow Valve Co., 412 R. A. Long Build 
ing, Kansas City, Mo. 
McCarroll, W. J., Supt. Water Works, 


Fulton, Mo. 
McVay, Lewis, Supt. Water Works, La 
Plata, Mo. 


Mathieson Alkali Works, Ine., Orange 
burg, S. C. 
Meek, Howard, Supt. Water Works, 


Maysville, Mo. 


National Meter Company, 3332 Benton 
Blvd., Kansas City, Mo. 

Neptune Meter Company, 2107 Grand 
Avenue, Kansas City, Mo. 

Newell, H. E., Missouri Utilities Com- 
pany, Webb City, Mo. 

Nolte, August G., 1327 Veronica Ave- 
nue, St. Louis, Mo. 

Omega Machine Company, 4010 Penn 


Avenue, Kansas City, Mo. 
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Meter Co., 1] 
Mutual Building, Kansas City, M« 


Pittsburgh Equitable 

Pittsburgh Plate Glass Co., Crystal City, 
Mo. 

Robins & Company, G. S., 310-16 S. Com 
mercial St., St. Louis, Mo. 

Rollins Engineering Co., W. B., 339 Rail 

way Exchange Bldg., 
Mo. 

St. Louis Public Library, Olive, 13th and 
14th Sts., St. Louis, Mo. 

Sewell Well Company, 1627 Locust Street, 
St. Louis, Mo. 
Sherwood, A. J., 
Canton, Mo. 
Skinker, Thomas J., Division Engr. Dis 
tribution, St. Louis Water Dept., 6251 
Bonita, St. 
Slinger, J. F., 
Bethany, Mo. 

State Geological Survey, Rolla, Mo. 

Thain, A. E., Supt. Water Works, 
Neosho, Mo. 

Thompson, Homer F., 
Plant, Rolla, Mo. 


Thompson-Hayward 


Kansas City, 


Supt. Water Works, 


San Louis, Mo. 


Supt. Water Works, 


Sewage Disposal 
Chem. Co., 2915 
Southwest Blvd., Kansas City, Mo. 
Tiffany, C. P., Troy City Water Works, 

Troy, Mo. 


Turner, Frank E., Supt. Water Works, 
Cameron, Mo. 
Wallace & Tiernan Co., Ine., 426 Board 


of Trade Bldg., Kansas City, Mo. 

Weir, W. V., St. Louis County Water Co., 
6600 Delmar Avenue, University City, 
Mo. 

Weiss, H. F., 
ville, Mo. 

Wells, J. N., 
Company, Joplin, Mo. 

Williams, L. O., Jr., Publie Health Engi- 
neer, State Board of Health, Jefferson 
City, Mo. 

Wolfe, E. E., Board 
Hannibal, Mo. 


Supt. Water Works, Perry 


Supt., Joplin Water Works 


of Public Works, 








ks, 
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New England Sewage Works Association 


Mr. I’. Wellington Gilereas, Seeretary-Treasurer, Division of Laboratories and Re- 
search, N. Y. State Dept. of Health, Albany, N. Y. 


Aga Charles G., Div. of Sanitation 
State Dept. of Health, Albany, N. Y. 
B., Supervising Chemist, 


Alle Herbert 


Sewage Disposal Works, Fitchburg, 
Mass. 

Allen, Raymond C., Box 67, Manchester, 
Mass. 

Almauist, Frederick O. A., Conn. State 
Dept. of Health, Hartford, Conn. 

Anderson, Morris C., 155 Liberty St., 


Brockton, Mass. 
Barker, Stanley T., 14 Beacon St., Bos- 
ton, Mass. 
Bogren, George G., Weston and Sampson, 
14 Beacon St., 
jolde, Abraham C., 
House, Boston, Mass. 


Samuel W., ¢/o 


3oston, Mass. 
Room 511A, State 
Bowers, MacKenzie & 
Southington, Conn. 

1714 Indiana St., Law- 


Bowers, 
Boyce, Earnest, 
Kans. 

Harold L., Water 

Commission, Marlboro, Mass. 
Brooks, John H., Jr., E. Worcester St., 

Worcester, Mass. 


rence, 


Brigham, & Sewer 


Brule, Abundius <A., 157 Chestnut St., 
Central Falls, R. I. 
Buck, Henry R., 650 Main St., Hartford, 


Conn. 
Buck, Robinson D., 293 Oxford St., Hart- 
ford, Conn. 
Bughee, Julius W., 
posal Works, 25 
Providenee, R. I. 
Burden, Harry P., Tufts College, Med- 
ford, Mass. 
Allen J., 


Supt. 
New 


Sewage Dis- 


York Avenue, 


Burdoin, Walnut St., Natick, 
Mass. 

Calvert, John T., 61, Half Moon Lane, 
Herne Hill, London, S.E. 24, Eng. 

Camp, Thomas R, Massachusetts Inst. of 
Technology, Cambridge, Mass. 

Campbell, Arthur T., 165 Capitol Ave- 
nue, Hartford, Conn. 

Carlton, Edwin, Room 5, Gruber Bldg., 

Main St., Maynard, Mass. 


Carson, Caryl C., Box 1139, Hartford, 
Conn. 

Cary, Willis E., 5 Chesterfield Road, Wor- 
cester, Mass. 

Chase, E. Sherman, Metealf & Eddy, 1300 
Statler Bldg., Boston, Mass. 

Clark. H. W., V1 


3eacon St., Boston, 


Mass. 

Clarke, V. B., Capitol Bldg., Ansonia, 
Conn. 

Cobb, Edwin B., Babcock Terrace, E. 


Dedham, Mass. 

Coburn, S. E., 1300 Statler Bldg., Bos- 
ton, Mass. 

Conlon, Willard 8., City Hall, Stamford, 
Conn. 

Connecticut Agricultural College, Storrs, 
Conn. 

Copeland, William R., Room 317, State 
Office Bldg., Hartford, Conn. 

Coy, Arthur H., Water & Sewer Dept., 
Westerly, R. I. 

Crocker, H. S., 304 Spring St., Brockton, 
Mass. 

Crompton, Raymond, 100 Crompton Ave- 
nue, E. Greenwich, R. I. 

Curry, Truman M., Jr., ¢/o Nicholas S. 
Hill, Jr., 112 E. 19th St., New York, 
iy See 

DeHaas, 
Mass. 

Dion, Clarence K., 28 Chester Avenue, 
Westerly, R. I. 

Dyer, Samuel, Memorial Bldg., Framing- 


Nicholas, Box 176, Linwood, 


ham, Mass. 
Eames, LaRoy D., Hollingsworth & Vose, 
East Walpole, Mass. 

Eddy, Harrison P., 65 Gray Cliff Rd., 
Newton Centre, Mass. 
Eddy, Harrison P., Jr., 
Bldg., Boston, Mass. 
Eliassen, Rolf, 225 Orchard St., 

mont, Mass. 
Ellsworth, Samuel M., 12 Pearl St., Bos- 
ton, Mass. 


1300 Statler 


Bel- 
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Fair, Gordon M., 112 Pierce Hall, Cam- 
bridge, Mass. 
Fales, Almon L., Metcalf & Eddy, Stat- 
ler Bldg., Mass. 
Farnham, Arthur B., City 
Pittsfield, Mass. 

Ferris, James E., Electro Bleaching Gas 
Co., 9 E. 41st St., New York, N. Y. 

Figenbaum, F., Supt. Streets & Sewers, 
Leominster, Mass. 

Flood, Frank L., Metealf & Eddy, Statler 
Bldg., Mass. 

Gage, Stephen DeM., 177 


Edgewood, R. I. 


Boston, 


Engineer, 


3oston, 


Arnold <Ave., 


Gallagher, John P., 7 Grand Ave., Dan 
bury, Conn. 
Geer, L. H., 91 
chester, Conn. 
Gilbert, Joseph J., 

North Hills, Pa. 
Gilereas, F. Wellington, Div. of Labora 
tories, State Dept. of Health, Albany, 
Ns Y. 
Giles, J. Henry L., State Dept. of Health, 
State Office Bldg., Hartford, Conn. 
Sewer 


Pitkin St., So. Man- 


936 Mt. Carmel Ave., 


Greenwich Commission, Room 7, 
Town Bldg., 


Griffin, Guy E., 11 


Greenwich Conn. 


Field Road, Cos Cob, 


Conn. 
Gulick, W. M., Merco Nordstrom Valve 
Co., 50 Church St., New York, N. Y. 
Haley, F. W., c/o F. A. Barbour, 1119 


Tremont Bldg., Boston, Mass. 
Hanrath, William J., 14 Maud St., Pitts 
field, Mass. 


Hanson, Christopher, 
Works, Marlboro, Mass. 
Hauck, Frederick W., Supt. E. 


dence Sewerage System, 110 Grosvenor 


Sewage Disposal 


Provi- 


Ave., East Providence, R. I. 
Hill, G. Everett, 45 Seventh Avenue, 
New York, N. Y. 


Holmes, Harry E., 
Health, State 
Holmgren, Richard 


Mass State Dept. of 
House, Mass. 
F., c/o H. K. Bar 
rows, 6 Beacon St., Boston, Mass. 


Norton 


s0ston, 


Andrew B., Com- 


Mass. 


Holmstrom, 


pany, Worcester, 


Horne, Ralph W., c/o Fay, Spofford & 
Thorndike, 44 School St., 


3oston, Mass. 
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Houser, George C., 441 Washingto 
Brookline, 

Howard, P. F., Cottage Park Rd., Win- 
throp, Mass. 

Frederick, 185 
New Haven, Conn. 

Johnson, Eskil C., Bd. of Purification of 
Waters, Room 327, State Office Bidg 
Providence, R. I. 

Clarence M., DuPont 
Co., Leominster, Mass. 

Kendrick, Walter L., Sewer Maintenance 
Dept., 37 Ernest St., Providenee, f. 

H., 5 Moreland St., Brock 


Mass. 


Jackson, J. Chureh St., 


Viscoloid 


Joyce, 


Kennedy, F. 
Mass. 
Kenney, Samuel M., Chief 
Sewer Dept., Rutland, Mass. 


ton, 


Engineer, 


Kingsbury, Francis H., Room 511A State 
House, Boston, Mass. 

Lanphear, Roy S., Worcester Sewage Dis 
posal Works, Worcester, Mass. 

Lingley, Ralph G., 33 City Hall, Wor 

Mass. 
William J., 


eester, 

Lumbert, North Scituate, 
Mass. 

McCall, Joseph F., U. 
reau Hospital, Bedford, Mass. 

McCormack, John H., Public Works 
Office, City Hall, Providence, R. I. 

Marrah, Edwin K., 108 Park 
Woonsocket, R. I. 

Martin, Alfred C., 20 Fruit Street, Mil- 
ford, Mass. 


S. Veterans’ Bu 


Avenue, 


Martzell, Paul C., 60 Mead Ave., Port 
Chester, N. Y. 

Merrill, Walter E., 511A State House, 
3oston, Mass. 

Meyer, Carl, Sewage Treatment Plant, 
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Operator, Polk State School, Polk, Pa. 
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Grossart, L. J. H., 816 Chew St., Allen- 
town, Pa. 

Haddock, Fred R., Chief Engineer, Rob- 
erts Filter Manufacturing Co., Darby, 
Pa. 

Harvey, J. R., Pa. Dept. of Health, 609 

Bldg., Meadville, Pa. 

Haverford Township, Upper Darby Post 
Office, Oakmont, Pa. 

Hedgepeth, L. L., Pa. 

Widener 


Trust 


Salt Manufactur 


ing Co., 1000 Bldg., Phila 


delphia, Pa. 
Herr, H. N., 114 Java Ave., Hershey, Pa. 


Hill, Theodore C., Hill & Hill, North 
East, Pa. 
Hoffert, J. R., Pa. Dept. of Health, 


Harrisburg, Pa. 
Hutton, H. S., Wallace & 
Ine., Newark, N. J. 
Johnson, Earle P., Wallace & Tiernan Co., 
Ine., 233 Oliver, Ave., 
Johnson, H. B., Asst. Sewer Supt., Media, 
Pa. 
Johnson, Russell L., Dept. of Civil Engi 


neering, Pa. State College, State Col 


Tiernan Co., 


Pittsburgh, Pa. 


lege, Pa. 
Jones, Everett M., Sales Engineer, 26 W. 
Pamona St., Philadelphia, Pa. 
Jones, Frank W., 1140 
Cleveland, Ohio 
Kappe, S. E., 303 Keystone Bldg., 
Broad and Vine Sts., Philadelphia, Pa. 
3460 


Leader Bldg., 


Keatley, Charles R., Dawson St., 
Pittsburgh, Pa. 

Kell, Ralph L., 
ter, Pa. 

Kinsel, H. L., Pa. Dept. of Health, 206 
E. Penn St., Philadelphia, Pa. 


Westinghouse 


City Engineer, Lancas 


Knowles, Morris, Ine., 507 
Bldg., Pittsburgh, Pa. 
Krumm, Harry J., City Chemist, Jef 
ferson & Lawrence, Allentown, Pa. 
Langford, L. L., Pacific Flush-Tank Co., 
441 Lexington Ave., New York, N. Y. 
Lasseter, Franklin P., Mellon Institute, 

Pittsburgh, Pa. 

Leithiser, Elmer, Deputy Warden, New 
Eastern State Grater- 
ford, Pa. 

Link-Belt Company, Philadelphia, Pa. 


Penitentiary, 
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Lock, Harry, Supt. Manwalamink Water 
Co., Shawnee-on-Delaware, Pa. 

Long, George S., R. F. D. No. 2, Barber- 
ton, Ohio 

Lower Merion Township, 75 East Lan- 
caster Ave., Ardmore, Pa. 

McAdoo & Allen Welting Co., South Hel- 
lerton Ave., Quakertown, Pa. 

Mark, Richard S., Pa. Dept. of Health, 
Williamsport, Po. 

Matter, L. D., Pa. 

Health 


Dept. of Health, 

Kirby Center, Wilkes-Barre, 
Pa. 

Meadville, City of, Meadville, Pa. 

Mebus, Charles F., 112 S. 
Glenside, Pa. 

Menantico Sand & Gravel Co., P. O. Box 
No. 65, Millville, N. J. 

Merkel, Paul P., City Hall, Reading, Pa. 

Miller, Paul E., City Laboratory, Allen- 
town, Pa. 

Miller, Roy, Treatment Plant 
1640 Lincoln Ave., Northampton, Pa. 

Milligan, Francis B., 513 Maple St., Em- 
porium, Pa. 

Molitor, Paul, Sr., Supt. Madison- 
Chatham Plant, Chatham, N. J. 

Monroe, Lowell W., Borough of Ellwood 
City, Ellwood City, Pa. 

Moore, George W., Bathing Place Engi- 
neer, Pa. Dept. of Health, Harrisburg, 
Pa. 

Moses, H. E., 1421 North Front St., Har- 
risburg, Pa. 

Robert B., Wallace & 
Co., Ine., 1505 Race St., Philadelphia, 
Pa. 

Mulvihill, F. J., 1400 N. Second St., Har- 
risburg, Pa. 

Nugent, Frank J., Treatment 
Operator, New Castle, Pa. 
O’Donnell, R., 119 S. Atherton St., State 

College, Pa. 

Grant M., 75 
Ave., Ardmore, Pa. 

Oliver United Filters, Inc., Ward H. Pit- 
kin, Rep., 33 West 42nd St., New York, 
ny 

Otterson, H. A., Warren State Hospital, 
Warren, Pa. 


Easton Roa 


Operator, 


Mowry, Tiernan 


Plant 


Olewiler, East Laneaster 
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Palmerton Disposal Co., Palmerton, Pa. 
(Att: Mr. Harrison Blunt) 
Palmerton Disposal Co., Palmerton,’ Pa. 


(Att: Mr. E. F. Hartzell) 

Phillips, Arthur H., Supervisor, Sewage 
Disposal, Reading, Pa. 

Picton, George W., 49 Division St., 
Wilkes-Barre, Pa. 

Reading, City of, City Hall, Reading, Pa. 

Renter, Bartley C., Philadelphia Board 
of Edueation, 21st and Parkway, 
Philadelphia, Pa. 

Rice, John M., 2502 Grant Bldg., Pitts- 
burgh, Pa. 

Joberts, J. W., Roberts Filter Manufae- 
turing Co., Darby, Pa. 

Roetman, E. T., Tygart Valley Home- 
steads, Inc., Elkins, W. Va. 

Rogers, D. Paul, State Dept. of Health, 
Harrisburg, Pa. 

Rogers, H. L., Sewage Treatment Plant 
Operator, City Hall, Easton, Pa. 

Rutter, Lee D., Supt. of Sewers, City 
Hall, Lebanon, Pa. 

Schaut, George G., 1308 W. Ontario St., 
Philadelphia, Pa. 

Scheffer, Louis K., Pa. Dept. of Health, 
Harrisburg, Pa. 

Searight, George P., Borough Manager, 
Carlisle, Pa. 

Shaw, George H., Civil Engineer, 5606 
l4th St., N.W., Washington, D. C. 

Siebert, Christian L., Sanitary Water Bd., 
Pa. Dept. of Health, Harrisburg, Pa. 

Snelsire, William, Pa. Salt Manufactur- 
ing Co., 641 Union Trust Bldg., Pitts- 
burgh, Pa. 

South Coatesville, Borough of, Att: Mr. 
Howard G. Allen, Rep., S. Coatesville, 
Ps 

Stevenson, W. L., Pa. Dept. of Health, 


Harrisburg, Pa. 
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Stewart, H. M., 35th and Allegheny Ave., 
Philadelphia, Pa. 

Swinehart, Eugene B., Chief Operator, 
Pottstown Boro Sewage Disp. Plant., 
1133 South St., Pottstown, Pa. 

Tebo, Frank A., Pa. State College, 908 
W. Beaver St., State College, Pa. 

Turner, Homer G., Director of Research 
for Anthracite Institute, School of 
Mineral Industries, Pa. State College, 
State College, Pa. 

Tygert, C. B., Wallace & Tiernan Co., 
Ine., 208 Jackson Avenue., Rutherford, 
N. J. 

Umbenhauer, E. J., P. O. Box 794, 
Laredo, Texas 

Vosbury, W. DeWitt, ¢/o Remington & 
Vosbury, 509 Cooper St., Camden, N. J. 

Wagner, Edwin B., Downingtown, Pa. 

Wagner, Raymond F., 1031 KE. Chestnut 
St., Sunbury, Pa. 

Walker, Elton D., 248 S. Burrowes St., 
State College, Pa. 

Walker, Isaae S., 629 Chestnut St., Phila- 
delphia, Pa. 

Welsford, H. R., Bureau of Water, Bel- 
mont Filter Plant, Philadelphia, Pa. 
Wertz, C. F., ¢/o Nichols Engineering & 
Research Corp., 40 Wall St., New 

York Ny. 

Whiteomb, Leon R., Pardee Manufactur- 
ing Co., 2401 Chestnut St., Philadel- 
phia, Pa. 

White Haven Sanatorium, Att: Mr. R. 
A. Dodson, Rep., White Haven, Pa. 
Wickerham, Philip S., 1109 Second St., 

Portsmouth, Ohio 

Yerkes, Milton R., Engineer, Radnor 
Township, Wayne, Pa. 

Young, C. H., Pa. Dept. of Health, 608- 
609 Crawford County Trust Bldg., 


Meadville, Pa. 


Sewage Division, Texas Section, S. W. W. A. 


Mr. V. M. Ehlers, Secretary, State Department of Health, Austin, Texas 


Becker, Philip G., Jr., 1009 Orange St., 
Fort Worth, Texas 
Eggert, E. G., P. O. Box 666, Albany, 


Ginsburg, Abram, 2915 Hemphill St., 
Fort Worth, Texas 

Green, T. C., Supt. City Water Filtration 

Plant, Austin, Texas 















































362 SEWAGE WORKS JOURNAL March, 1935 





Joiner, W. N., San Marcos Water Works, Steel, E. W., Box 273, College Stati 





San Marcos, Texas Texas 
Mahlie, W. S., City Chemist, Water Fil- Villa-Acosta, Alfonso, 9A, Calle de la 
tration Plant, Fort Worth, Texas Rosa 213, Mexico, D. F. 
Moor, W. C., Chemist in charge of Sew- Whedbee, Edgar, City Water Dept., 
age Plant, Armour & Company, Stock Dallas, Texas 
Yards Station, Fort Worth, Texas Zeller, P. J. A., Engineering Experiment 
Rollins, E. M., Mathieson Alkali Works, Station, A. & M. College, College Sta 
Ine., 1812 Griffin St., Dallas, Texas tion, Texas 


The Canadian Institute on Sewage and Sanitation 


Mr. Albert E. Berry, Secretary-Treasurer, Sanitary Engineering Div., Ontario Dept. 
a ‘ e 5 5 ’ I 
of Health, Toronto, Ontario, Canada 


Barry, David, Engineer, National De- Jack, Grant R., Commissioner of Works, 
fence, Canadian Bldg., Ottawa, On- 787 Coxwell Avenue, Toronto, Ont., 
tario, Canada Canada 
3erry, A. E., Sanitary Engineering Di- Kinney, J. B., Wallace & Tiernan, Co., 
vision, Ontario Dept. of Health, 235 Ltd., 8345 Sorauren Ave., Toronto, Ont., 
Gainsboro Road, Toronto, Ont., Can Canada 
ada Knight, Ray R., Toronto Mgr. Francis 

Brereton, W. P., City Engineer, 223 Hankin & Co., 165 Spadina Ave., 
James Ave., Winnipeg, Manitoba, Toronto, Ont., Canada 
Canada Lafreniere, Theodore J., Provincial Sani 

3ryce, W. F. M., Sewer Engineer, Trans- tary Engineer, Bureau of Health of 
portation Bldg., Ottawa, Ont., Canada Quebec, 89 East Notre-Dame, Mon- 

Chamberlain, C. C., Township of York, treal, Que., Canada 
40 Jarvis St., Toronto, Ont., Canada Lamson, B. F., City Engineer, St. Cath- 

Cyr, Rene, c/o Provincial Bureau of arines, Ont., Canada 
Health, 89 E. Notre Dame St., Mon- McCannel, D. A. R., City Engineer, City 
treal, Quebec, Canada Hall, Regina, Sask., Canada 

Darling, E. H., 513 Pigott Bldg., Ham McDonald, N. G., Consulting Engineer, 
ilton, Ontario, Canada 1130 Bay St., Toronto, Ont., Canada 

Ferguson, G. H., Chief Engineer, Dept. McFaul, W. L., City Engineer, Hamilton, 
of Pensions & National Health, Elgin Ont., Canada 
Bldg., Ottawa, Ont., Canada MeNiece, L. G., Town Engineer, Orillia, 

Francis Hankin & Co., Ltd., P. O. Box Ont., Canada 
127, Station B, Montreal, Canada MacLaren, J. F., Consulting Engineer, 

Grassie, C. A., Town Engineer, Port Col- 1130 Bay St., Toronto, Ont., Canada 
borne, Ont., Canada MacLaren, L. A., Town Engineer, Buck- 

Harris, R. C., Commissioner of Works, ingham, P.Q., Canada 
City Hall, Toronto 2, Canada MacLean, J. D., City Engineer, Timmins, 

Hobson, N. C., Business Manager, Ont., Canada 
Canadian Industries, Ltd., Windsor, Marshall, W. W., Town Engineer, Box 
Ont., Canada 297, Orangeville, Ont., Canada 

Hoey, A. C., Engineer, Sewage & Water- Menzies, J. Ross, 170 Place d‘Youville, 
works, Town Hall, Westboro, Ont., Montreal, Que., Canada 
Canada. Miller, W. C., City Engineer, 24 Curtis 

Howard, N. J., Filtration Plant Labora- St., St. Thomas, Ont., Canada 


tory, 410 Lake Shore Road, Centre Nasmith, G. G., Gore, Nasmith & Storrie, 


Island, Toronto, Ont., Canada 1130 Bay St., Toronto, Ont., Canada 














on- 


ith- 


Ox 











Nicklin, H. 8., City Engineer, City Hall, 
Guelph, Ont., Canada 
Phelps, George, Enginer of Sewers, Dept. 
Works, City Hall, Toronto, Ont., 
Canada 
Re rn, W. B., 458 Russell Hill Road, 
loronto, Ont., Canada 
Riehl, W. H., City Engineer, City Hall, 
Stratford, Ont., Canada 
Roe, Frank C., Canadian Carborundum 
Co., Ltd., Niagara Falls, Ont., Canada 
Russell, J. P., Editor, Engineering & 
Contract Reeord, 347 Adelaide St., 
West, Toronto, Ont., Canada 
Salmond, James J., ‘‘Canadian Engi- 
? 341 Church St., Toronto, Ont., 
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Shook, H. R., National Sewer Pipe Co., 
44 Victoria St., Toronto, Ont., Canada 

Storrie, Wm., Consulting Engineer, 1130 
Bay St., Toronto, Ont., Canada 

Symes, C. B., City Engineer, Fort Wil- 
liam, Ont., Canada 

Van Benschoten, J., Paterson Engineer- 
ing Co. of Canada, Ltd., 32 Front St., 
West, Toronto, Ont., Canada 

Veitch, Wm. M., City Engineer, City 
Hall, London, Ont., Canada 

Walker, W. H., Township Engineer, 
Etiobicoke Township, Islington, On- 
tario, Canada. 

Wood, J. R., Asst. City Engineer, City 
Hall, Calgary, Alberta, Canada 


The Institute of Sewage Purification—England 


Mr. J. H. Garner, Secretary, 12, High Park Road, Kew Gardens, Surrey, England 


Artist, L. J., 103 Broadway, Snape- 
wpe, Wakefield, England 

Barraclough, D. H., North Bierley Sew 

Works, Oakenshaw, Bradford, Eng. 

Bell, H. D., Sewage Works, Burton 


Grange, Barnsley, England 

Birkett, E. B., The Cottage, Couttem 
Works, Ealing, London, W. 5, Eng. 

Bolton, J., Sewage Works, Bury, Lanes., 
England 

Bolton, J. F., Ames Crosta Mills & Co., 
Ltd., Moss Lron Works, Heywood, 
Lancs., England 

Brown, I., Sewage Works, Ealing Road, 
South Ealing, W. 5, Eng. 


Calvert, A., 43 Station Road, Darnall, 


Sheffield, England 
( lwick, A. R., Sewage Works, Marley, 
ighley, England 
Cl H., 175 Radcliffe Road, Milns 
lge, Huddersfield, Eng. 
( ns, S. T., Sewage Works, Morley, 


Yorks., Eng. 
( g, J., Bretons Farm, South Horn- 
rch, Essex, England 
lego, A., §*Devona’’? Sandbeck Avenue, 
Skegness, England 
Duxbury, 8., Bugalow, Summerhouse Hill, 


Cardington, Beds., Eng. 





Edmondson, J. H., Corporation Sewage 
Works, Salterhebble, Halifax, Eng. 
Evans, J. E., Outfall, Hale, Cheshire, 
king. 

Evans, S. C., Sewage Works, Byegrove 
Road, Merton, Eng. 

Fidler, G. C., 122 Standen Road, Winco- 
bank, Sheffield, Eng. 

Garner, J. H., Brynfield, Aberford Road, 
Wakefield, Eng. 

Gillard, J. E., Sewage Works, Heathcote, 
Warwick, Eng. 

Gregory, L. L., 


Works, Salisbury, Wiltshire, Eng. 


Corporation Sewage 


Griffiths, C., Sewage Works, Heywood, 
Lanes., Eng. 

Hambleton, F. T., Outfall Works, Pres- 
bury nr. Macclesfield, England 

Hamlin, C. H., Sewage Works, Windmill 
Road, Luton, Beds., England 

Hamlin, E. J., City Engineer, Box 1049, 
Johannesburg, S. Africa 

Harvey, J. B., Rochester & Chatham 
Joint Sewage Bd., Rainham, Kent., 
Eng. 

Hillier, W. H., Chief Engineer’s Dept., 
London County Council, County Hall, 
London, S. E. 1, Eng. 


Hodgson, E., Irrigation Farm, Harring- 
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ton Road, S. Norwood, London, 8. E., 
England 
Holgate, L. D., Sewage Works, Byegrove 
Road., Merton, London, 8. W. 19, Eng. 
Holroyd, A., Dist. 


Council, Riversite Sewage Works, Rain- 


Dagenham Urban 
ham, Essex, England 
Hoyle, W. H., ‘‘ Dilkusha’’ 
Road, Topsham unr. 

England 
Jones, C. B. O., 
cal Lab., Whitley, Coventry, Eng. 


47, 


Exeter, 


Victoria 


Devon., 
City of Coventry Chemi- 


Kershaw, J. H., Sewage Works, Aldwark, 


Park Gate, Rotherham, Eng. 


Kessener, Ir. H., J. P. Coenstraat 1, 
’S-Gravenhage, The Hague, Holland 
Ledson, Daniel, Sewage Works, Leigh, 


Lancashire, England 
iioya, P. G., 
Road, Kingston on Thames, Eng. 
Lockett, W. T., Works, Chorl 


ton-cum-Hardy, Eng. 


Kilvinside, Lower Ham 


Sewage 
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Lumb, C., 31 Octagon Terrace, Pye \est 
Road, Halifax, Eng. 

Seouller, W. D., Sewage Disposal Works, 
Deighton, Huddersfield, Eng. 

Speight, W. E., Hacken Sewage Works, 
Great Lever, Bolton, Eng. 

H., Sewage Works, Mitcliell 
Laithes, Dewsbury, Eng. 

Stone, A., Stoke, Farm, Stoke 
Nottingham, Eng. 

Stowell, Hugh, Mersey & 
Board, 48 Moseley St., 


Staynes, E. 


3ardolpl 


Irwell Joint 
Manchester, 
King. 

Taylor, H. W., 1 Saville 
castle on Tyne, England 


Ward, A. 


Place, New 


R., Sewage Works, Heathside 


Farm, Cheadle Heath, Stockport, 
England 
Wishart, J. M., 127 Otley Old Road, 
Lawuswood, Leeds., 6, England 
Wontner-Smith, H., Sewage Works, 
Esholt Hall ur. Shipley,  Yorks., 


England 


The Institution of Sanitary Engineers—England 


Mr. A. D. 


Adams, Henry C., 60, Victoria 
St., London, E. C. 4, 

Alford, John 8., 11, 
don, S. W. 1, England 

Aslamidis, <A., 31 Barnfield 
Sale, Cheshire, England 

Ballantine, C. H., P. O. 
Johannesburg, S. Africa 

Balsom, E. V., 100, Victoria St., London, 
S. W. 1, England 

Barclay, W. G., Strathclyde, Pinewoods 
nr. Aldershot, England 

Blizard, W. E., 
Lane, Southampton, England 


Queen 
England 
Lon 


Victoria St., 


Crescent, 


30x 6468, 


Lansdowne House, Castle 


Canham, G. E., ‘‘Kenmere’’ The Ave 


nues, Norwich, England 

Collier, H., Mena, Greenway, Broughton 
nr. Preston, England 

A, 42, Park Ave., 
Golders Green, London, N .W. 11, Eng. 

Cotterell, A. P. I., 54, Victoria St., Lon- 


don, S. W. 1, England 


Coombs, J. Prinees 





Hamlyn, Secretary, 120-122 Victoria St., Westminster, S. W. 1, England 


Cotterell, G. T., 54, Vietoria St., West 
minster, London, 8S. W. 1, England 


Davies, A. T., 41 Plein St., Johannes 
burg, S. Africa 


Davis, Robert J., 293, Church 
toria, S. Africa 

Easdale, W. C., Leaside, Dene Road, Ash 
stead, Surrey, England 

, The Bed 
dington Lane, Croydon, Surrey, Eng. 

Faweett, E. A. Sandford, 
St., London, S. W. 1, England 

o South Africa 

London, W. C. 2, 


St., Pre 


Farmer, J. E. Farm House, 


Victoria 


53, 
Fraser, Francis Ernest, ¢, 
House, Strand, 
England 
Fritchey, G. B., 12 


Mission Row, Cal 


cutta, India 

Gillanders, George, P. O. Box 13, Jinja, 
Uganda, British East Africa 

Golding, H. C., Engineer & Surveyor’s 
Office, Grinstead, 


Kast England 








ad, 


nd 














Gregory, L. L., Corporation Sewage 
Works, Salisbury, England 

Groves, ©. <A., 2 Frederick Road, 
Gravelly Hill, Birmingham, England 


Gupta, G., ‘‘Alpendradham,’’ Balasore, 
India 
Hillen, A. F., 2 Ivinghoe Waye, Eddles- 


borough nr. Dunstable, England 

Hoskins, Nandy, 18, Boligbroke Grove, 
London, 8S. W. 11, England 

Khwaja, M. Y., Victoria Jublilee Tech- 
nical Inst., Matunga, Bombay, India 

Martin, Arthur J., 108 St. Georges 
Square, London, S. W. 1, England 

Matthew, B. R., 50 Frances Road, Wind- 
sor, England 

Maxwell, A. H., 51 Op de Bergen St., 
Fairview, Johannesburg, S. Africa 

Montes, Jose Gareia, Jr., Avenida da Bel- 
gica No. 4, Habana, Cuba 

Moore, F. Owen, 8 Newnham House, 
Manor Fields, Putney Hill, S. W. 15, 
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Munro, A. D., 5 Vulean St., Kensington, 
Johannesburg, S. Africa. 

Noguera, G., Civil Engineer, Bogota, Co- 
lumbia, S. A. 

Shenton, H. C. H., 28, Victoria St., Lon- 
don, S. W. 1, England 

Shete, V. G., P. O. Box 39, Poona, India 

Simpson, Christopher, 10 Park Row, 
Leeds., England 

Summers, M. W., e¢/o Messrs. Dodd & 
Watson, 3 Central Bldgs., Westminster, 
London, S. W. 1, England 

Taylor, Godfrey, M. C., Caxton House, 
Westminster, London, S. W.. 1, 
England 

Watson, David M., 3 Central Bldgs., 
Westminster, London, S. W. 1, 
England 

Webster, K. G., 30 Pandora Road, Jo- 
hannesburg, S. Africa 

Williams, G. Bransby, 28, Victoria St., 
London, 8S. W. 1, England 


” 


NON-ASSOCIATION SUBSCRIBERS TO THE JOURNAL IN 
THE UNITED STATES 


tlabama 
Hendon, H. T., 216 Court House, Bir- 
mingham 
State Board of Health, Bureau of 
Sanitation, 519 Dexter Ave., Mont- 
gomery 
Tenn. Coal, Iron & R. R. Co., e/o Mr. 
\. Clinton Decker, Birmingham 
Arkansas 
University of Arkansas, Engineering 
Library, Fayetteville 
California 
Stanford University Library, Stan- 
ford University 
l'wining Laboratories, The, P. O. Box 
1320, Fresno 
Colorado 
Bowman, Fred B., 2561 Sheridan Blvd., 
Edgewater, Denver 
Colorado State Bd. of Health, Division 
of Sanitary Engineering, 420 State 
Office Bldg., Denver 


Denver Public Library, Technical De- 


partment, Denver 


McCullough, Jay W., 215 Majestic 
Bldg., Denver 
Connecticut 
Kunseh, Walter, 26 Park Avenue, Dan- 
bury 
Library of the School of Medicine, 
Sterling Hall of Medicine, 333 Cedar 
St., New Haven 
State Department of Health, State 
Office Bldg., Room 324, Hartford 
Delaware 
Dupont de Nemours & Co., E. I., Ex- 
perimental Station, Wilmington 
District of Columbia 
Brumbaugh, W. V., National Lime As- 
sociation, 927 15th St., N.W., Wash- 
ington 
George Washington Univ., Library, 
2023 G. Street, N.W., Washington 
Medical Officer in Charge, Interstate 
Sanitary Dist. No. 2, Room 3067, 
Navy Building, Washington 
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Florida 
Brown, Charles C., 1400 W. McCormick 
St., Gainesville 


State Health, 
Engineering, Jacksonville 


Joard of Bureau of 


University of Florida, University Li- 


brary, Gainesville 
Georgia 
Clarkson, L. M., Chief, 
Engineering, State 


Division Sani- 


tary Board of 
Health, Atlanta 
Wiedeman Singleton, 
1878, Atlanta 
Illinois 
Armour Institute of 
brary, 3300 Federal St., Chieago 
Byllesby Management 
Corp., Attention of Library, 231 La- 


Salle St., Chicago 


and Ine., Box 


Technology, Li 


Engineering & 


Carpenter, John §8., 1106 N. Central 
Park Ave., 
Clay Products 
Washington St., Chicago 
Victor, Chemical 


Armour and Company, 


Chicago 
Association, 111 Wesi 


Conquest, Research 


Department, 
Stock Yards, Chicago 


300 West 


Union 
General Chemical Co., 

St., Chicago 
Greater Peoria Sanitary & Sewage Dis 
Darst St., Peoria 


Adams 


posal Dist., Ft. of 
John Crerar Library, Chicago 
Kashihara, F., Municipal Administra 
Dept., South Manchuria Rail- 
701 W. Tilinois St., Urbana 


tion 
way Co., 
Boiler Department, 


Roek- 


Magnuson, E. E., 
Eclipse Fuel Engineering Co., 
ford 

Mathieson Alkali Works, 
Building, Chicago 

Pfeiler, L. F., 4837 
Chicago 

Press & Drier Co., The, 


gan Ave., Chicago 


Ine., Straus 


Kenmore Avenue, 
Michi- 


224 S. 


1319, 


Chicago 


Sewage Treatment Corp., Room 
53 West Blvd., 

Simplex Ejector & Aerator Corp., 2400 
W. Madison St., Chicago 


State Water Survey Division, 57 Chem 


Jackson 


istry Bldg., Urbana 
Swift 


tory, Chicago 


& Company, Chemical Labora- 
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University of Illinois, Library, Periodi- 
eal Dept., Urbana 

Williams, Bradbury, MeCaleb & Hi 

Bd. of Trade Bldg., LaSalle 


St. and Jackson Blvd., Chicago 


2300 


Indiana 

Indiana State Board of Health, | 
reau of Sanitary Engineering, 
State House Annex, Indianapoli 
Bernard H., 2415 Talbott St., 


Indianapolis 


Jeup, 


Purdue University Library, Lafayett 
Reeves Pulley Company, Columbus 
Towa 
Iowa State College Library, Ames 
State Univ. of Iowa Library, Libr 
Annex, Iowa City 
Kansas 
Lee, R. B., 


University of Kansas Library, Period 


City Engineer, Hutchinson 


cal Dept., Lawrence 
Wilson 


Farmers 


Engineering Co., The, 419 
Union Bldg., Salina 
Kentucky 
Dugan, F. C., 532 West Main St., 
Louisville 
Varyland 
University of Maryland, Library, Co 
lege Park 
William Welch Medical Library, The, 
1900 E. Monument St., Baltimore 
Vassachusetts 


Frank A., 


Boston 


Barbour, 1119 Tremont 
Bldg., 

Farquhar, Frank Shaw, 59 
nue, Winthrop 


Engineering 


Park Ave 
Harvard School, 
Pierce Hall, Cambridge 
Mass. Inst. of 

Cambridge A 
Mooney, EK. E., 
Water & Sewage 

541, State 

VWichigan 
Claus, Theodore, 3987 Maybury Grand 


Technology, Library, 
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